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GEOLOGY  OF  THE   RATON  MESA  AND   OTHEK   REGIO? 
IN  COLORADO  AND  NEW  MEXICO. 


By  Willis  T.  Lee. 


Chapter  1  — IKTRODUCTION. 


HIED  OF  nrVESTIGATION. 

For  many  yeara  evidence  has  been  acctimu- 
iating  that  coal  occurs  at  several  horizons  in 
the  Cretaceous  strata  of  the  Rocky  Mountain 
region.  CoaJ-bearing  formations  once  sup- 
posed to  be  of  Laramie  age  have,  on  fxu-ther 
examination,  been  referred  to  other  horizons; 
and  the  question  has  now  arisen  whether  the 
coal  measures  of  the  Raton  Mesa  r^on,  which 
have  long  been  called  Laramie,  are  equiyalent 
in  age  to  the  so-called  Laramie  of  other  fields 
and  especially  to  the  typical  Laramie  of  the 
Denver  Basin.  The  Raton  Mesa  region  is 
about  80  miles  from  the  Denver  Basin,  one 
small  field,  the  Canon  City  coal  field,  lying 
between.  It  is  also  about  90  miles  from  the ' 
San  Juan  Basin,  west  of  the  Rocky  Mountains, 
in  which  there  are  two  coal-bearing  formations, 
the  Mesaverde  and  the  "Laramie."  The 
"Laramie"  of  the  San  Juan  Basin  has  been 
r^arded  by  some  geologists  as  essentially 
«quivalent  to  the  Laramie  of  the  Denver 
Basin,  but  the  vahdity  of  this  correlation  has 
recently  been  questioned."'  (The  "superior" 
figures  here  and  elsewhere  refer  to  entries  in 
the  bibliography,  pp.  17-37.) 

Hayden,  Lesquereux,  and  others  regarded 
all  the  coal-heaiing  locks  of  the  Raton  Mesa 
region  as  Tertiary,  but  later  geologists  have 
regarded  them  as  Cretaceous  and  have  corre- 
lated them  with  the  Laramie  of  the  Denver 
Basin,  although  it  has  been  known  for  many 
years  that  most  of  the  fossil  plants  from  this 
region  are  specifically  diiferent  from  those  found 
in  the  Laramit!  of  the  Denver  region.  No 
satisfactory  explanation  of  this  discrepancy 
was  suggeste<i  until  the  writer "'  announced 
that  the  so-called  Laramie  of  the  Raton  field 
is  divisible  into  two  formations,  the  lower  of 


which  contains  a  flora  that  is  older  than  tl 
of  the  Laiamie  of  the  Denver  Basin  and  i 
upper  a  post-Laramie  flora.  About  the 
time  Washbume "'  collected  from  the  lo\ 
group  of  coal-bearing  rocks  in  the  Canon  C 
field,  which  were  then  supposed  to  be  of 
mie  age,  fossil  plants  that  Knowlton  regarc 
as  older  than  Laramie.  Several  questic 
then  became  pertinent:  Are  the  two  co 
bearing  formations  of  the  Raton  field  wid 
separated  in  time  or  is  the  unconform 
local  t  Is  the  lower  formation  to  be  correlat 
with  the  Laramie  of  the  Denver  Basin  or 
the  Mesaverde  of  the  San  Juan  Basin  or  w 
neither,  and  is  it  to  be  correlated  with  a  p 
,  or  with  all  of  the  coal  measures  of  the  Can 
City  field  ?  Is  the  upper  formation  equival< 
'n  age  to  the  Denver  or  to  the  Arapal 
formation  or  to  neither?  In  order  to  ansn 
these  and  similar  questions  the  investigati( 
described  in  tliis  paper  were  undertaken. 

PUKPOSB  OF  nrVESTIGATION. 

As  the  geologic  relations  in  the  Raton  Mi 
region  aie  the  principal  object  of  this  c 
cussion,  attention  is  first  directed  mainly 
that  region,  its  relation  to  the  Canon  City  c 
other  fields  being  reserved  for  later  sections 
this  paper.  The  main  purpose  of  the  inves 
gation  was  to  trace,  if  possible,  the  unc( 
formity  found  in  the  coal  measures  of  t 
Raton  field "'  throughout  the  Raton  Mi 
region  and  to  collect  evidence  of  its  geolo; 
significance. .  This  led  to  several  lines  of 
search.  Sections  were  measured  for  the  p 
pose  of  detennia'iig  whether  the  irregularit 
in  thickness  of  the  lower  coal  measures  are  d 
mainly  to  deposition  or  mainly  to  e 
following  deposition,  and  data  were  collect 
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to  determine  whether  these  rQcki^  Vere  con- 
solidated or  unconsolid^t^rf^Viieh  the  erosion 
took  place.  Data  were  afeo-collected  to  deter- 
mine  the  relative  unaouht  of  erosion. 

The  rock&  of'^birth  the  upper  and  the  lower 
coal  moQ^rea  contain  great  numbers  of  fossil 
planJts/f^'ti  large  collections  of  them  were  made. 
..Tllfi  stfatigraphic  position  of  each  collection 
':  '.was  determined,  especially  with  reference  to 
•  the  unconformity,  in  order  that  the  data  thus 
obtained  might  be  definitely  appUed  in  corre- 
lating the  formations  with  those  of  other  fields 
and  in  determining  the  time  represented  by 
the  xmconformity.  ,  Some  of  the  species  found 
here  have  been  described  from  other  places, 
and  these  furnish  a  means  of  correlating  the 
formations  in  which  they  are  found  with  those 
of  other  fields.  Others  are  new  to  science,  and 
these  are  described  by  F.  H.  Knowlton.  (See 
pp.  223-435.)  The  double  purpose,  therefore, 
is  accomplished  of  making  such  correlations  as 
are  possible  by  means  of  previously  identified 
species,  and  of  establishing  a  new  section 
wl^ch  will  be  of  use  in  future  investigations. 
Few  fossUs  other  than  plants  occur  in  the  coal 
measiu*es  of  the  Raton  Mesa  region,  but  fossil 
invertebrates  were  collected  from  the  marine 
Cretaceous  rocks  below  the  coal  measiu*es  in 
order  that  their  evidence  might  be  considered 
together  with  that  of  the  plants,  the  lithology, 
and  the  structure  in  establishing  the  strati- 
graphic  succession  and  time  relations  of  the 
formations. 

The  results  obtained  in  the  Raton  Mesa 
region  and  in  the  Canon  City  field  during  the 
season  of  1910  rendered  it  desirable  to  examine 
in  a  similar  manner  the  isolated  coal  fields  of 
central  and  western  New  Mexico,  in  the  hope 
of  obtaining  information  that  would  lead  to 
the  correlation  of  the  coal  measures  of  the 
Raton  Mesa  region  with  those  of  the  San  Juan 
Basin.  This  was  done  diuing  the  summer  of 
1911  and  the  results  published  -^^  the  follo\Ying 
year.  These  results  aid  materially  in  accom- 
plishing one  of  the  principal  purposes  of  the 
paper,  namely  in  fixing  the  coal-bearing  forma- 
tions of  the  Raton  Mesa  region  in  their  proper 
places  in  the  time  scale. 

CONSTBUCTION  OF  MAP. 

The  map  of  thc^  Raton  Mesa  region  used  in 
this  paper  has  been  constructed  from  Land 
Office  data,  United  States  Geological  Survey 


topograpliic  sheets,  mine  maps,  and  railroad 
and  private  surveys.  The  base  for  the  Colo- 
rado portion  was  constructed  from  the  town- 
ship plats  of  the  General  Land  Office  by 
G.  B.  Richardson  "*  and  the  topography  of 
this  portion  was  adapted  from  the  atlas  sheets 
of  the  United  States  Geological  Survey.  The 
base  for  the  New  Mexico  portion  outside  the 
Maxwell  land  grant  was  constructed  from  the 
township  plats  of  the  General  Land  Office  and 
from  private  surveys,  and  that  for  the  portion 
inside  the  grant  was  adapted  from  the  map  of 
Colfax  County,  N.  Mex.,  and  from  private 
surveys,  the  records  of  which  are  in  the  pos- 
session of  the  St.  Louis,  Rocky  Mountain  & 
Pacific  Coal  Co.,  whose  headquarters  are  at 
Raton,  N.  Mex.  No  detailed  topographic 
maps  of  this  portion  of  New  Mexico  were  avail- 
able at  the  time  of  investigation,  although 
topographic  work  has  been  carried  on  near 
Raton  since  that  time,  and  the  only  topography 
available  for  the  main  part  of  the  Raton  field 
was  that  shown  on  a  manuscript  sketch  map  on 
the  scale  of  12  miles  to  the  inch.  From  this 
map  the  topography  shown  on  the  map  in  this 
paper  has  been  adapted.  For  the  reasons  just 
stated,  the  topography  of  the  New  Mexico  por- 
tion, though  it  gives  the  general  configuration 
of  the  field,  is  by  no  means  so  accurate  as  that 
of  the  Trinidad  field.     (See  PL  I,  in  pocket.) 

METHODS  OF  OBSEBVATIOK. 

Li  the  absence  of  topographic  maps  suffi- 
ciently detailed  for  the  purposes  of  the  investi- 
gation it  was  necessary  to  devise  some  way  of 
showing  grapliically  the  structural  relation  of 
the  lower  coal  measures  (Vermejo  formation) 
to  the  upper  coal  measures  (Raton  formation). 
(See  pp.  51,  56.)  This  was  done  by  measuring 
sections  at  short  intervals  along  the  outcrop 
and  platting  them  to  scale  for  comparison. 
Those  in  the  eastern  part  of  the  region,  where 
the  rocks  he  nearly  horizontal  and  outcTop  in 
the  steep  sides  of  mesas,  were  measured  with 
Locke  level,  and  are  shown  in  the  several  plates 
of  sections.  (See  Pis.  V,  X,  XII,  XV,  XVII.) 
A  large  number  of  diamond-drill  records  were 
also  obtained.  Some  of  these  are  shown  in  the 
plates  of  sections,  but  most  of  them  were  fur- 
nished by  coal  companies  which  stipulated  that 
their  details  should  not  be  made  known. 

Along  the  western  margin  of  the  region, 
where  the  rocks  are  upturned  at  the  outcrop,. 
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considerable  care  was  necessary  in  order  to 
obtain  the  true  thickness.  On  steep  slopes 
the  vertical  distances  were  measured  by  Locke 
level  and  records  were  kept  of  the  dip  and 
strike,  the  direction  of  the  measurement,  and 
the  angle  of  the  surface  slope.  From  these 
data  were  constructed  the  sections  as  pub- 
lished. On  gentle  slopes  the  horizontal  dis- 
tances were  measured  with  tapeline  as  an  addi- 
tional check  in  computing  true  thicknesses. 
The  writer  believes  that  in  this  way  the  sections 
were  made  sufficiently  accurate  to  show  ade- 
quately the  variations  in  the  thickness  of  the 
Verinejo  formation,  and  to  show  rather  con- 
vincingly that  the  surface  upon  which  the 
Raton  formation  was  deposited  was  far  from 
being  a  plain  such  as  would  be  expected  to 
result  from  continuous  deposition  of  sediments, 
or,  in  other  words,  that  it  was  a  surface  of 
erosion.     (See  sections  in  PL  II,  in  pocket.) 

The  coal  beds  throughout  the  Trinidad  field 
and  to  a  less  extent  those  in  the  Raton  field 
have  been  extensively  prospected  for  many 
years  and  have  been  mined  productively  in 
many  plaoes.  The  success  of  the  investigation 
described  in  this  paper  is  very  largely  due  to 
this  development.  Many  important  facts  have 
been  obtained  from  mine  maps  and  records, 
from  surveys  of  coal  lands,  and  from  records 
of  drill  holes  and  mine  shafts  that  show  the 
nimiber,  thickness,  and  locations  of  the  coal 
beds.  A  large  proportion  of  the  fossil  plants 
on  which  the  correlations  of  the  coal  measures 
depend  were  obtained  from  the  mines. 

PRINCIPLES  OF  CORRELATION. 

Some  of  the  conclusions  reached  by  the 
writer  of  this  paper  differ  radically  from  those 
held  by  some  geologists  and  depend  for  their 
validity  on  the  interpretation  placed  on  the 
observed  phenomena.  For  this  reason  it  may 
be  well  briefly  to  state  some  of  the  fundamental 
principles  that  have  governed  the  writer  in  the 
placing  of  the  Cretaceous-Tertiary  boundary. 
These  are  probably  so  well  known  that  little 
need  be  said  of  them. 

Physical  versus  paleontologic  criteria, — The 
conflict  between  the  structuraUst  and  the 
paleontologist  is  nearly  as  old  as  the  science  of 
geology,  and  untU  the  several  lines  of  evidence 
are  less  conflicting  than  they  are  at  present, 
harmony  in  geologic  classification  seems  hope- 
less.    Each  thinker  must  weigh  the  evidence 


and  decide  for  himself.  Geikie  said  of 
Cretaceous-Tertiary  boimdary  of  Europe  t 
'*the  lithologic  sequence,  being  the  m 
obvious,  was  first  estabUshed  before  it  ^ 
confirmed  and  extended  by  a  recognition 
the  value  of  the  evidence  of  organic  romaii 
During  the  last  century  the  study  of  orgi 
remains  as  a  means  of  determining  the  lir 
of  geologic  time  divisions  has  received  n 
attention  than  lithologic  sequence.  Recen 
however,  emphasis  is  being  laid  on  struct 
and  other  physical  phenomena.  Chambei 
Ulrich,  and  others  are  emphasizing  this 
America  and  Haug  and  others  in  Europe.  ] 
significant  in  this  connection  to  note  t 
Haug  places  the  base  of  the  Tertiary  be 
the  Montien  because  of  an  imconformity  tl 
in  spite  of  certain  Cretaceous  forms  of 
contained  in  the  Montien. 

Cretaceous  quiescence  versus  Tertiary 
lence. — ^There  is  no  evidence  of  any  note 
orogenic  movement  during  the  Cretace 
period  in  the  area  described  in  this  pa] 
So  far  as  crustal  movements  are  conoeme< 
was  a  period  of  inaction.  But  in  this  st 
region  the  Tertiary  period  was  one  of  gi 
orogenic  and  epirogenic  movements,  of  gi 
changes  in  the  physiographic  conditions 
the  continent,  and  of  consequent  change? 
climate  and  life.  The  writer  maintains  t 
the  disturbance  which  brought  a  long  pei 
of  quiescence  to  a  close  and  inaugurated  a  i 
order  of  things  is  more  significant  in  detem 
ing  the  beginning  of  a  new  period  than  It 
disturbances  which  are  often  more  plainly 
corded.  He  therefore  maintains  that  in 
area  described  in  this  paper  the  first  unc 
formity  above  rocks  of  imdoubted  Cretace 
age  marks  the  proper  Cretaceous-Terti 
boundary.  In  this  respect  he  differs  fi 
some  geologists,  who  seem  to  place  emph 
on  the  culmination  rather  than  on  the  inc 
tion  of  orogenic  movement. 

Cau^e  versus  results  of  change, — In  detem 
ing  the  point  of  separation  between  Cr< 
ceous  and  Tertiary  time  the  cause  of  the  cha 
in  physiographic  conditions,  whether  it  can 
determined  or  not,  is  important,  for  it  must  ] 
cede  any  obvious  result.  This  cause  was  op< 
tive  long  before  the  oldest  Tertiary  sedimc 
were  laid  down.  Tlie  Cretaceous  sea  ] 
been  mainly  or  entirely  expelled  from  the  ii 
rior  of  North  America.     Mountains  had  b 
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upheaved  in  the  areas  abandoned  by  the  sea, 
and  these  had  been  deeply  eroded.  For  these 
reasons  the  writer  maintains  that  some  of  the 
time  represented  by  the  post-Cretaceous  uncon- 
formity is  a  part  of  Tertiary  time  and  that  Ter- 
tiary rocks  may  yet  be  foimd  that  are  older  than 
those  of  the  Raton  formation.  (Some  geolo- 
gists urge  the  recognition  in  the  Rocky  Moun- 
tain region  of  a  group  of  formations  interme- 
diate between  Cretaceous  and  Tertiary.  If 
their  suggestion  is  adopted  the  later  part  of 
the  time  represented  by  the  post-Cretaceous 
imconformity  should  constitute  the  first  epoch 
of  the  new  period.) 

Physiography,  climate,  and  land  life. — ^The 
great  changes  in  North  America  that  resulted 
in  the  withdrawal  of  the  sea  and  the  upheaval 
of  mountains  in  its  place  naturally  caused 
great  changes  in  climate,  and  therefore  in  plant 
and  animal  life.  It  is  not  to  be  expected, 
however,  that  the  changes  would  be  accom- 
plished suddenly,  or  in  all  places  at  the  same 
time.  Hardy  types  would  survive  for  a  time 
or  adapt  themselves  to  the  new  conditions. 
Others  wpuld  emigrate  and  their  places  be 
taken  by  immigrants.  It  is  probable  that  the 
changes  in  climate  would  affect  the  plants  and 
the  land  animals  earlier  than  the  aquatic 
forms.  Applying  this  principle  to  the  problem 
of  the  Cretaceous-Tertiary  boimdary,  it  is 
found  that  the  unconformity  here  described 
as  the  delimiting  plain  marks  a  conspicuous 
change  in  the  plant  life,  and  that  the  first  part 
of  the  succeec^ng  period  witnessed  the  extinc- 
tion of  the  dinosaurs,  one  of  the  dominant 
types  of  Cretaceous  time,  and  the  introduc- 
tion of  the  modem  mammalian  types. 

Diastrophism. — The  principles  of  diastro- 
phism  that  have  recently  been  elucidated  by 
Chamberlin,  Ulrich,  and  others,  and  that  seem 
to  be  rapidly  gaining  groimd  as  criteria  for  an 
ultimate  basis  of  time  divisions,  are  especially 
applicable  in  intercontinental  correlation  of 
late  Cretaceous  and  early  Tertiary  formations. 
The  general  withdrawal  of  oceanic  waters  from 
continental  areas  at  the  close  of  the  Creta- 
ceous seems  to  indicate  a  cause  world-wide  in 
its  effect,  and  therefore  to  indicate  that  the 
withdrawal  of  the  sea  from  Europe  and  from 
America  was  synchronous.  If  further  obser- 
vation establishes  this  synchronism  a  means 
will  be  afforded  of  more  exact  intercontinental 
correlation  than  is  possible  by  any  class  of 


organisms.  Applying  this  principle  to  the  Cre- 
taceous-Tertiary boundary  of  the  West,  we 
find  that  although  some  of  the  vertebrates, 
notably  the  dinosaurs,  and  some  of  the  in- 
vertebrates, mostly  of  fresh-water  type,  stand 
in  opposition,  as  now  interpreted  by  some  geol- 
ogists, the  evidence  of  diastrophism  is  in  per- 
fect accord  with  that  of  the  fossil  plants  and 
manmials. 

CONCLUSIONS  IN  BRIEF. 

The  principal  conclusions  arrived  at  in  this 
paper  are  as  follows: 

The  coal-bearing  rocks  of  the  Raton  Mesa 
region,  which  have  formerly  been  referred  to 
the  Laramie,  constitute  two  distinct  forma- 
tions, separated  in  time  by  a  period  of  erosion. 

The  lower  formation,  to  which  the  name 
Vermejo  is  here  applied,  contains  a  Montana 
flora.  It  is  distinct  from  the  Laramie  flora  of 
the  Denver  Basin,  and  proves  that  the  Ver- 
mejo formation  is  older  than  Laramie,  and 
that  it  is  more  closely  related  to  the  Mesa- 
verde  of  western  New  Mexico  than  to  any 
other  formation  yet  examined. 

The  coal-bearing  rocks  of  the  Canon  City 
field  are  correlated  by  lithology,  stratigraphic 
position,  and  fossil  plants  with  the  Vermejo 
of  the  Raton  Mesa  region  and  are  designated 
by  the  same  name.  The  character  of  the  m- 
vertebrates  found  in  the  Vermejo  of  the  Canon 
Git  J  field  in  the  midst  of  the  plant-bearing 
beds  suggests  that  this  formation  is  approxi- 
mately equivalent  in  age  to  the  Fox  Hills  of 
the  Denver  Basin. 

The  upper  formation  of  the  Raton  Mesa 
region,  to  which  the  name  Raton  is  here  ap- 
plied, is  Eocene  in  age  and  contains  a  flora 
distinct  from  that  of  the  Laramie  of  the  Den- 
ver Basin  but  similar  to  that  of  the  post- 
Laramie  formations  of  that  basin  and  to  that 
of  the  Eocene  Wilcox  group  of  the  Gulf  Coast. 

The  unconformity  between  the  Vermejo  and 
Raton  formations  represents  a  time  interval 
comparable  to  that  described  as  separating  the 
Laramie  from  the  Arapahoe  of  the  Denver 
Basin.  Separating,  as  it  does,  the  yoimgest 
Cretaceous  of  the  region  from  the  oldest 
Eocene,  it  represents  post-Cretaceous  erosion 
and  is  correlated  with  the  post-Laramie  im- 
conformity of  the  Denver  Basin. 

West  of  the  Rocky  Mountains,  in  northern 
New  Mexico  and  southern  Colorado,  there  are 


INTRODUCTION. 


two  coal-bearing  formations  separated  by  a 
marine  shale.  The  older — the  Mesaverde — 
Qontains  a  fauna  of  lower  Montana  age  and  a 
flora  similar  to  that  of  the  Vermejo  and  other 
formations  of  Montana  age.  The  yomiger — 
the  "Laramie'' — contains  in  its  basal  member 
(Pictured  Cliflfs  sandstone)  a  marine  fauna  of 
Montana  age  and  in  its  higher  beds  brackish- 
water  and  fresh-water  shells  that  seem  to  indi- 
cate later  thne.  The  fresh-water  beds  con- 
tain a  flora  that  indicates  Montana  age. 

The  coal-bearing  rocks  of  the  Cerrillos,  Ha- 
gan,  Tijeras,  and  Rio  Puerco  fields  are  essen- 
tially equivalent  in  age  to  the  Mesaverde  of 
the  San  Juan  Basin. 

In  all  the  coal  fields  west  of  the  moimtains 
rocks  of  imquestioned  Cretaceous  age  are.sepa- 
rated  by  an  imconformity  from  younger  beds 
whose  age  has  not  been  determined  beyond 
question,  but  which,  on  the  basis  of  broad 
structural  relations,  are  regarded  as  Tertiary 
by  the  writer,  who  correlates  the  imconformity 
with  the  post-Cretaceous  imconformity  of  the 
eastern  mountain  front.^** 

PREVIOnS  INVESTIGATIONS. 

In  the  following  review  and  in  the  annotated 
list  of  pubUcations  on  pages  17-34  an  attempt 
is  made  to  bring  together  the  principal  facts 
that  have  hitherto  influenced  opinion  regarding 
the  age  of  the  coal  beds  in  the  several  coal  fields 
here  described.  The  reviews  necessarily  are 
incomplete,  for  the  subject  of  the  geologic  age 
of  the  coal-bearing  rocks  of  the  southern  Rocky 
Mountain  areas  is  so  intimately  connected  with 
investigations  of  those  farther  north,  and  also 
with  investigations  of  certain  noncoal-bearing 
formations,  that  a  complete  review  would  be 
little  short  of  a  history  of  Rocky  Mountain 
stratigraphy.  Many  papers  containing  only 
slight  reference  to  the  fields  here  described  are 
omitted,  as  are  also  papers  of  a  purely  commer- 
cial nature,  but  it  is  the  writer's  intention  to 
include  all  the  available  pubUcations  that  the 
geologist  will  find  immediately  useful  in  a  study 
of  the  formations  described.  A  few  papers  that 
deal  especially  with  these  formations  and  have 
had  the  most  influence  in  shaping  opinion  re- 
garding them  are  discussed  below. 

Coal  in  the  Raton  Mesa  region  was  discovered 
in  1821  *  by  members  of  the  exploring  party  in 
charge  of  S.  H.  Long.  Little  more  than  an 
announcement  of  its  occurrence  is  found  in  the 


hterature  for  more  than  25  yei 
Emory  •  examined  the  coal  bed 
and  Raton  and  Abort  *  collect 
from  rocks  associated  with  the 
dad.  The  coal  had  previously 
by  some  as  indicating  the  wes 
the  Carboniferous  coal  measui 
who  examined  the  fossil  plan 
Abort,  announced  that  the  coal  I 
than  Carboniferous.  Thus  th 
the  age  of  the  coal  beds  of  t 
region,  which  is  not  yet  settled 
tion  of  all  geologists,  began  abo 
About  1854  Hayden  began  a 
Missouri  River  of  the  coal-1 
tions  which  he  called  the  Ligi 
which  he  referred  to  the  Tertia 
Tertiary  age  of  the  rocks  was 
about  the  year  1865^^' ^^'^^  tl 
the  Raton  Mesa  region  became 
discussion,  probably  because  c 
sumption  that  the  coal  beds 
Montana  to  New  Mexico  were  o 
same  age  and  parts  of  one  gi 
separated  by  erosion.  This  a 
later  modified  and  finally  pro^ 
but  its  influence  persisted  for  a 
1865  R.  E.  Owen^«  found,  ne 
Raton  Pass,  fossil  plants  whic 
''in  shale  of  Cretaceous  age,''  i 
later  John  L.  Le  Conte^®  mad( 
that  these  rocks  are  of  '^midc 
age.  He  found  coal-beariog  ro( 
field  in  the  vicioity  of  Yankee,  t 
he  examined  them  from  Trinid^ 
ward  to  Cimarron,  N.  Mex.,  a  d 
50  miles.  Near  Trinidad  he  foi 
taceous  shells  near  the  coal-bear 
ably  in  the  Trinidad  sandst< 
plants  associated  with  the.coa 
garded  as  Cretaceous,  althou 
later  described  them  as  Terti 
discussed  the  question  of  age  a: 
for  placing  the  coal  beds  of  tl 
low  in  the  Cretaceous,  the  coa 
Mesa  region  in  the  ''middle  Cn 
of  the  Denver  Basin  (Laramie) 
Cretaceous  or  oldest  Tertiary, 
nitic  group  of  the  Missouri  I 
conceded  to  be  Tertiary.  App 
servations  of  Le  Conte  and  ( 
weight  with  Hayden  and  his 
Lesquereux"'  ^''  ^'  maintained 
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plants  collected  near  Trinidad  by  Le  Conte  were 
of  Eocene  age.  In  the  meantime,  J.  S.  New- 
berry *'»  *'  had  studied  certain  coal-bearing 
rocks  in  western  New  Mexico  and  had  found 
Cretaceous  invertebrates  above  the  coal.  He 
had  also  examined  the  coal-bearing  rocks  of  the 
Cerrillos  coal  field  and  regarded  them  as  Cre- 
taceous. Although  the  fuU  ac<50unt  of  his  work 
was  not  pubhshed  until  1876,  his  opinion  was 
known  and  had  weight  with  other  investigators. 
'  In  1868,  after  a  brief  examination  of  the 
Raton  Mesa  region,  Hayden^  referred  its  coal 
beds  to  the  Tertiary.  At  about  the  same  time 
Lesquereux  examined  and  described  as  Ter- 
tiary the  plants  which  Le  Conte  had  collected 
near  Trinidad  and  had  referred  to  the  Creta- 
ceous. He  also  examined  the  plants  collected 
in  the  same  field  by  Hayden"  and  referred 
them  to  the  Tertiary.  Hayden  accepted  Les- 
quereux's  opinion  as  to  the  age  of  these  plants 
and  argued  from  them  that  the  Raton  Mesa 
coal  beds  were  Tertiary. 

In  1872  Lesquereux^  described  21  fossil 
plants  from  the  Raton  Mesa  region  and  9  from 
the  Cerrillos  coal  field  and  maintained  that 
they  indicated  Tertiary  age.  At  that  time  it 
was  not  known  that  plant-bearing  rocks  of 
both  Tertiary  and  Cretaceous  age  occur  in  both 
of  these  fields,  all  the  plant-bearing  rocks  being 
supposed  to  constitute  a  single  formation. 
Such  fossil  localities  as  are  mentioned  for  the 
Raton  Mesa  region  indicate  that  probably  all 
of  the  plants  came  from  the  upper  coal  measures 
or  Raton  formation,  now  recognized  as  Eocene. 
Furthermore,  most  of  the  original  specimens 
described  by  Lesquereux  prove  on  examination 
to  be  specifically  identical  with  those  collected 
more  recently  from  the  ^aton  formation. 
Those  from  the  Cerrillos  field  are  of  Tertiary 
types  and  probably  come  from  the  Galisteo 
sandstone,  which  is  now  known  to  rest  uncon- 
formably  on  the  coal-bearing  rocks  but  which 
was  not  definitely  separated  from  them  until 
1912.^  As  Lesquereux  was  describing  Terti- 
ary plants  it  is  little  wonder  that  he  referred 
the  rocks  c6ntaining  them  to  the  Tertiary.  But 
the  exddence  of  the  plants  seems  to  have  had 
little  weight  at  the  time,  and  the  erroneous  as- 
sumption of  Hayden  and  others  (that  the  coal- 
bearing  rocks  east  of  the  Rocky  Mountains  all 
belonged  to  one  formation)  prevailed;  and, 
when  the  coal  formations  farther  north  were 


called  Laramie  and  referred  to  the  Cretaceous, 
those  of  southern  Colorado  and  New  Mexico 
were  assumed  to  be  Laramie  also.  It  may  be 
in  place  in  this  connection  to  recall  Prof.  New- 
berry's statement""  that  "much  undeserved  dis- 
credit has  fallen  upon  the  remains  of  plants  as 
criteria  of  the  age  of  strata,  and  much  mischief 
and  confusion  have  followed  the  error  of  Dr. 
Hayden  in  uniting  with  the  Laramie  the  totally 
distinct  and  independent  Fort  Union  forma- 
tion.'' The  same  confusion  prevailed  in  the 
Denver  Basin  previous  to  1896,  when  the  work 
resulting  in  the  Denver  monograph  ***  proved 
that  the  Laramie  is  definitely  separable  from 
the  Denver  and  Arapalioe  formations;  The 
confusion  of  Cretaceous  and  post-Cretaceous 
formations  and  the  commingling  of  Cretaceous 
and  Tertiary  floras  have  persisted  in  southern 
Colorado  and  New  Mexico  to  the  present  time. 
Preliminary  annoimcements  have  been  made 
by  the  writer,"*  but  the  full  data  for  the  sepa- 
ration are  presented  in  this  paper  for  the  first 
time. 

During  1873  J.  J.  Stevenson*^  visited  the 
Canon  Gty  coal  field  and  found,  above  some 
of  the  coal  beds,  marine  fossils  which  induced 
him  to  refer  the  coal  beds  to  the  Cretaceous; 
and  a  year  later  Cope"  announced  that  Creta- 
ceous dinosaurs  occur  in  northeastern  Colo- 
rado in  beds  which  Hayden  and  Lesquereux 
had  referred  to  the  Tertiary.  Hayden  repUed 
that  as  early  as  1869*'  he  had  pointed  out 
that  some  of  the  coal  beds  of  western  Colorado, 
New  Mexico,  and  elsewhere  are  of  Cretaceous 
age  and  argued  that  since  the  coal-bearing 
rocks  began  to  accimiulate  in  the  Cretaceous 
and  continued  into  the  Tertiary  they  should  be 
regarded  as  "transition  beds,"  but  Lesquereux 
seems  to  have  consistently  maintained  the  po- 
sition, based  on  the  evidence  of  the  fossil 
plants,  that  the  coal  beds  of  the  West  are  all 
Tertiary.  Cope  ^  about  the  same  time  attrib- 
uted to  Hayden  essentially  the  same  opinion 
that  Le  Conte  had  expressed,  namely,  that  the 
Cerrillos  coal  beds  are  older  than  the  Canon 
City  coals  (which  had  been  correlated  with 
those  of  the  Raton  Mesa  region),  and  that 
both  were  older  than  the  Lignitic  group,  but 
stated  that  Hayden  referred  all  three  groups  to 
the  Tertiarv.  Newberrv,**' *^  on  the  other 
hand,  maintained  that  all  of  the  plant-bearing 
coal  beds  of  New  Mexico  which  ho  had  exam- 
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ined  were  Cretaceous,  and  was  inclined  to 
place  all  of  Hayden's  Ldgnitic  group  in  the 
Cretaceous. 

In  1876  Hay  den  •^'  *^  published  a  review  of 
the  Lignitic  group,  which  he  still  referred  to  the 
Eocene  and  called  '^Lignitic  or  Laramie." 
He  correlated  the  coal  beds  of  the  Raton  Mesa 
fields  with  those  of  the  Canon  City  and  Denver 
fields,  and  argued  that  they  are  transitional 
between  Cretaceous  and  Tertiary.  It  should  be 
noted  in  this  connection  that  very  Uttle  was 
then  known  regarding  the  age  of  the  Raton 
Mesa  coals  aside  from  the  fact  that  they  con- 
tained fossil  leaves  which  Le  Conte  regarded  as 
Cretaceous  and  Lesquereux  as  Tertiary.  Ap- 
parently these  beds  were  included  in  the  con- 
troversy over  the  Lignitic  group  principally 
because  of  the  assumption  that  all  of  the  coal 
beds  along  the  eastern  front  of  the  Rocky 
Moimtains  were  of  the  same  age.  During  the 
same  year  (1876)  appeared  Newberry's  delayed 
report,**  in  which  he  argued  that  the  coal  beds 
of  northwestern  New  Mexico  are  in  rocks  of 
Cretaceous  age.  About  the  same  time,  also, 
St.  John  ^  described  the  geology  of  the  Raton 
coal  field.  He  assumed,  as  other  geologists  had 
done,  that  the  coal  beds  all  belonged  to  one 
formation  and  followed  Hayden  and  Lesque- 
reux in  referring  them  to  the  Tertiary.  From 
rocks  near  Cimarron  he  collected  marine  inver- 
tebrates, which  were  said  to  be  of  Fox  Hills 
age,®*  but  Fox  Hills  as  then  used  included  the 
Pierre.  From  these  same  beds  were  obtained 
most  of  the  Pierre  fossils  from  the  Raton  field 
named  in  the  present  paper. 

In  1877  Endlich  ^'  published  a  description  of 
the  coal-bearing  rocks  of  the  Raton  Mesa  re- 
gion and  referred  them  all  to  the  post-Creta- 
ceous on  the  mistaken  assumption  that  the 
Trinidad  sandstone  rested  unconformablv  on 
Colorado  shale,  whereas  it  is  now  well  known 
that  it  rests  conformably  on  the  Pierre.  Hay- 
den,'* after  his  early  reconnaissance  in  this  re- 
gion, stated  that  the  coal-bearing  rocks  rested 
on  Cretaceous  No.  2  (Benton);  and  Endlich 
appears  to  have  accepted  this  statement  and  to 
have  thought  that  he  had  found  confirmatory 
evidence  of  its  truth  in  certain  structural  rela- 
tions in  the  Trinidad  field.  He  was  obviouslv 
in  error  in  this,  as  has  been  proved  by  later  in- 
vestigators, but  Hayden  accepted  this  sup- 
posed unconformity  as  upholding  his  own  con- 
tention that  the  coal  beds  of  the  Raton  Mesa 


region  are  younger  than  Cr< 
ling  ^*  described  the  geology  o 
and  noted  the  basal  conglomei 
formation  in  Vermejo  Canyon 
special  significance  to  it. 

In  1878  Lesquereux*^  pubUs 
the  Tertiary  flora  in  which  h 
coal  measures  of  the  Cemllos, 
Canon  City  fields  with  those  i 
elsewhere,  and  referred  them 
However,  the  next  year,  J.  J, 
had  previously  examined  the 
field  and  found  evidence  of  th 
of  the  coals,  began  a  study  of 
region  and  described  the.  coal- 
Laramie.     He  foimd  above  the 
some  of  the  same  fossils  that  h 
found  associated  with  the  coj 
City  field,  and  he  naturally  cor 
proved    the   equivalency,  of 
He  found  Halymenites  major 
Gardium^]ike  shells  above  the 
Raton  field  and  described  the 
ate  of  the  Raton  formation,  a 
to  note  its  significance  and  se< 
fused  it  with  the  conglomera 
Canyon  formation,  which  he 
north.     His  reference  of  the  c 
to  the  Laramie  seems  to  have 
his  contemporaries. 

After  Stevenson's  time  lit 
made  in  knowledge  of  the  geol 
Mesa  region  for  about  18  ye 
references  were  made  to  the  co 
minor  contributions  were  iss 
time  (see  pp.  26-29),  but  it  w 
that  any  notable  paper  was  pul 
however,  R.  C.  Hills  ^*^  publi 
foho,  in  which  the  coal-beari 
mapped  as  one  formation  and 
statement  of  reasons,  to  th( 
Trinidad  sandstone  is  referred 
and  the  underlying  shale  to  tl 

The  WaJsenburg  foho^**  ap] 
following  year  and  the  Spanisl 
1901.  These  folios  were  pi 
United  States  Geological  Sun 
stamp  of  approval  of  that  or^ 
reference  of  all  of  the  coal-beo 
Laramie.  •  This  reference  was 
lenged  until  the  present  write 
1908  that  the  coal-bearing  ro 
field   are    separable   into   tw< 
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formations.  A  few  fossil  plants  collected  at  that 
time  from  the  lower  formation  were  regarded  by 
Knowlton  as  probably  older  than  Laramie  but 
could  not  be  definitely  determined  by  him  with- 
out more  and  better  material.  Other  fossil  plants 
coUected  from  the  upper  formation  (Raton) 
(where  they  are  more  abundant  and  better  pre- 
served than  those  that  had  been  collected  up  to 
that  time  from  the  lower  or  Vermejo  formation) 
were  identified  by  Boiowlton  as  being  closely 
related  to  those  of  the  post-Cretaceous  forma- 
tions of  the  Denver  Basin,  thus  corroborating 
the  writer's  conclusion,  reached  from  a  study  of 
the  stratigraphic  and  structural  relations,  that 
the  two  coal-bearing  formations  of  the  Raton 
field  are  separated  by  a  time  break  of  consider- 
able magnitude. 

While  the  writer  was  working  in  the  Raton 
coal  field  G.  B.  Richardson'^  was  examining 
the  Trinidad  field.  He  foxmd  a  conglomerate 
in  some  places  within  the  coal-bearing  rocks, 
and  coUected  fossil  plants  from  beds  both  above 
and  below  it.  At  that  time,  however,  it  had  not 
been  clearly  demonstrated  that  this  conglom- 
erate marked  an  imconformity,  and  Richardson 
in  his  report  avoided  the  question  of  the  age 
relations  and  retained  the  old  nomenclature, 
using  the  word  "  Laramie ''  in  quotations. 

The  writer  did  no  geologic  work  in  the  Raton 
Mesa  region  in  1909,  but  during  the  following 
year  he  began  the  observations  described  in 
this  paper  and  traced  the  imconformity,  pre- 
viously found  in  the  Raton  field,  around  both 
the  Raton  and  Trinidad  coal  fields,  collecting 
fossil  plants  from  both  the  Vermejo  and  Raton 
formations.  These  fossils  are  described  by 
Knowlton  in  this  volimie  (pp.  223-435). 

The  subdivision  of  the  coal-bearing  rocks  of 
the  Raton  field  into  two  formations  was  fore- 
shadowed as  early  as  1877,  when  A.  R.  Conk- 
ling  ^^  published  a  geologic  section,  measured 
in  Vermejo  Canyon,  that  showed  a  conglom- 
erate (the  basal  conglomerate  of  the  Raton 
formation)  about  110  feet  above  the  top  of 
the  Trinidad  sandstone.  Later,  Stevenson  ^ 
noted  the  same  conglomerate  and  described 
it  accurately  from  several  places  between  the 
towns  of  Cimarron  and  Van  Houton,  but  he 
seems  to  have  confused  it  with  the  conglom- 
erate of  the  Poison  Canyon  formation  which 
overlies  the  Raton  formation.  However, 
nothing  is  said  in  these  reports  of  the  signifi- 
cance of  this  conglomerate,  and  its  occurrence 


in  the  midst  of  the  coal-bearing  rocks  seems 
to  have  made  little  impression  on  the  minds 
of  geologists  who  were  familiar  with  it  and  to 
have  escaped  the  notice  of  readers  of  the 
reports.  Hills  seems  to  have  attached  Uttle 
significance  to  it  in  the  Trinidad  field,  for  he 
makes  no  mention  of  it  in  his  fohos.  When 
the  present  writer  announced  that  this  con- 
glomerate marked  an  unconformity,  it  was 
recalled  that  Hills,  in  the  Spanish  Peaks 
folio,  ***  had  used  the  name '  *  parting  sandstone '' 
for  a  certain  bed  separating  two  groups  of 
'coal-bearing  rocks,  and  it  was  supposed  that 
this  sandstone  might  be  the  basal  conglomerate 
of  the  Raton  formation.  Later,  however,  when 
the  conglomerate  was  traced  around  the  Trini- 
dad field,  it  was  found  at  a  considerable  dis- 
tance above  the  ''parting  sandstone."  In 
answer  to  an  inquiry  by  the  writer,  Mr.  Hills 
states  that  his  "parting  sandstone''  is  not  the 
conglomerate  and  kindly  furnished  the  records 
of  six  drill  holes  in  the  vicinity  of  Hastings,  all 
of  which  show  the  conglomerate  considerably 
above  his  '* parting  sandstone.'' 

In  1912  Richardson  ^  announced  that  the 
Dawson  arkose,  a  formation  of  recognized 
Eocene  age,  is  probably  equivalent  to  the 
Denver  and  Arapahoe  formations,  which  have 
long  been  regarded  as  doubtfully  Cretaceous. 
The  following  year  the  present  writer^  an- 
nounced the  discovery  of  dinosaurs  in  the 
Dawson  arkose,  thus  strengthening  its  correla- 
tion with  the  Denver  and  Arapahoe  formations. 
At  the  same  time  Knowlton  ^'  showed  that  the 
fossil  plants  correlate  the  Raton  formation  of 
the  Raton  Mesa  region  with  the  Dawson,  Den- 
ver, and  Arapahoe  on  the  north  and  with  the 
Eocene  Wilcox  group  of  the  Gulf  CJoast  on 
the  south. 

After  the  present  paper  was  practically  com- 
pleted and  the  results  had  been  somewhat 
generally  made  known  through  preliminary 
announcements,  several  papers  were  published 
dealing  with  various  phases  of  one  of  the  prin- 
cipal problems,  viz,  the  position  and  character 
of  the  boundary  between  Cretaceous  and  Ter- 
tiary in  the  Rocky  Mountain  region.  Among 
these  may  be  mentioned  two  important  con- 
tributions from  the  Gulf  region,  one  by  Stephen- 
son,^** who  describes  a  general  unconformity 
separating  Oetaceous  from  Tertiary  beds  in 
the  Gulf  States,  the  other  by  Berry  ^®  describ- 
ing the  flora  of  the  Tertiary  formations  of  the 
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Gulf  region.  The  question  was  discussed  for 
the  Rocky  Mountain  region  at  the  meeting  of 
the  Geological  Society  of  America  at  Princeton, 
N.  J.,  in  1913,2^  and  a  paper  ^*  in  which  the 
question  has  a  conspicuous  place  has  since  then 
been  published  by  the  present  writer.  In  pre- 
paring that  paper  the  writer  had  at  his  disposal 
all  the  information  given  in  the  present  one. 

BIBLIOaaAPHT. 

The  following  list  shows  the  principal  publi- 
cations that  contain  information  relative  to  the 
formations  in  southern  Colorado  and  northern 
New  Mexico  here  described  as  well  as  some 
other  publications  to  which  references  are 
made.  The  arrangement  is  chronologic,  and 
notes  are  given  calling  attention  to  informa- 
tion used  in  this  paper.  The  absence  of  notes 
means  either  that  the  publication  contains  no 
original  information  or  that  no  specific  use  is 
here  made  of  it.  The  prefixed  numbers  are 
used  in  the  text  of  this  paper  instead  of  foot- 
note references.  Placed  as  they  are,  in  chrono- 
logic order,  the  publications  listed  constitute  a 
brief  history  of  the  investigation  of  the  region 
described. 

This  paper  does  not  primarily  consider  the 
economic  resources  of  the  coal  fields,  so  that 
little  attention  has  been  given  to  purely  eco- 
nomic reports,  but  the  list  includes  some 
economic  papers  that  contain  geologic  informa- 
tion. On  the  other  hand,  it  does  not  include 
many  publications  that  make  casual  reference 
to  the  coal  fields  l)ut  give  little  definite  informa- 
tion. The  list  is  intended  to  contain  all  publi- 
cations that  give  real  geologic  information  con- 
cerning the  coal  mcasiu'es  here  described. 

1821. 

1.  James,  Edwin,  Geological  sketches  of  the  Mississippi 

Valley:  Acad.  Nat.  Sci.  Philadelphia  Jour.,  vol.  2, 
pp.  326-329,  pi. 

The  paper  is  a  preliminary  account  of  Maj. 
Long's  expedition,  the  full  account  of  which  was 
published  in  1823.  The  existence  of  coal  along  the 
east  front  of  the  Rocky  Mountains  is  announced, 
and  coal  is  said  to  exist  (p.  328)  in  the  ''southern 
section '*  (probably  the  Raton  Mesa  region). 

1823. 

2.  James,  Edwin,  Map  of  the  country  drained  by  the 

Mississippi;  western  section. 

Account  of  an  expedition  from  Pittsburg  to  the 
Rocky  Mountains  in  the  years  1819-20  by  Maj. 
S.  H.  I^ng,  atlas,  4°,  Philadelphia. 

47019°— 17 2 


3.  Long,  S.  H.,  Account  of  an  expedil 

to  the  Rocky  Mountains,  perfo 
1819-20;  compiled  by  Edward 
503  pages;  vol.  2,  442  pages,  s 
Philadelphia. 

The  coal  formation  of  the  C 
described  (p.  44),  and  the  state 
coal  generally  is  found  along  t 
wherever  the  gray  sandstone 
399,  405). 

1848. 

4.  Abert,  J.  W.,  Report  on  examinati 

in  the  years  1846-47:  Rept.  Sec 
23,  1st  sess.,  30th  Cong.,  pp.  a-1 
Ex.  Doc.  No.  41,  30th  Cong.,  lsi 
Coal  was  found  near  Trinidad 
fossil  plants  were  collected  wh 
amined  by  Bailey.  Abert  ha< 
fields  the  previous  year  but  a 
noted  the  occurrence  of  the  c< 
was  found  in  the  Cerrillos  fiel 
Puerco.  From  the  Rio  Puei 
Poblozon,  Abert  collected  foe 
determined  as  Cretaceous  (p.  54 

5.  Bailey,  J.  W.,  Notes  concerning  th 

sils  collected  by  Lieut.  J.  W.  A 
in  the  geographical  examinatio 
Rept.  Sec.  War,  Senate  Ex.  '. 
Cong.,  1st  sess.,  pp.  131-132,  3 
41,  30th  Cong.,  1st  sess.,  pp.  547- 
Am.  Jour.  Sci.,  2d  ser.,  vol.  6, 

The  fossil  plants  collected  b> 
dad  are  described  and  three  of 
The  conclusion  is  reached  (p.  1 
younger  than  Carboniferous. 

The  Cretaceous  fossils  colle* 
Poblozon  in  the  Rio  Puerco  a 
are  described.  Poblozon  is  a  i 
San  Ygnacio. 

6.  Emory,  W.  H.,  Notes  of  a  military  r 

Fort  I.»eaven  worth,  in  Missouri 
California,  including  parts  of 
Norte,  and  Gila  rivers:  Senate 
30th  Cong.,  1st  sess.,  pp.  5-126. 
In  1846  Lieut.  Emory  found  c 
field  (p.  19)  and  also  near  Ratoi 

7.  Taylor,  R.  C,  Statistics  of  coal. 

and  geological  distribution  of  mi 
or  fossil  fuel,  including  also  no 
of  the  various  mineral  bitumini 
ployed  in  the  arts  and  manufact 
754  pages,  plates,  maps.  Phi 
edition  edited  by  S.  S.  llalden 
plates,  maps,  Philadelphia,  18c 
A  summary  of  early  disco vm 
174-176). 

8.  WisLizENUS,  A.,  Memoir  of  a  toiu*  t 

connected  with  Doniphan's  e 
and  1847,  141  pages,  3  maps.  A 
30th  Cong.,  1st  sess.  Abstract 
2d  ser.,  vol.  6,  pp.  376-38 
Jahrbuch  von  Dr.  Berghaus  (G 
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In  1846  Dr.  Wislizenus  visited  Placer  Mountain 
(Cerrillos  field).  He  found  petrified  wood  (p.  29) 
but  apparently  did  not  find  the  coal,  although  he 
refers  to  coal  in  the  Raton  field  and  on  the  Rio 
Puerco.  On  his  geologic  sketch  map  coal  is  shown 
in  the  Raton  region  (p.  138).  Coal  is  reported 
near  Cadena,  Mexico  (lat.  26^  N.,  long.  105°  W.). 

18AO. 

9.  Simpson,  J.  IT.,  Journal  of  a  military  reconnaissance 

from  Santa  Fe,  N.  Mex.,  to  the  Nav-ajo  country. 

Reports  of  the  Secretary  of  War,  with  reconnais- 
sance of  routes  from  San  Antonio  to  El  Paso,  by 
Johnson  and  others  [etc.]:  Senate  Ex.  Doc.  No.  64, 
31st  Cong.,  1st  sess.,  pp.  146-148. 

Coal  was  found  in  1849  on  the  Rio  Puerco  north 
of  Cabezon  and  at  several  localities  farther  west  in 
northwestern  New  Mexico  (pp.  72,  146-147). 

1853. 

10.  Hitchcock,  Edward,  Notes  upon  the  specimens  of 

rocks  and  minerals  collected.  Exploration  of  the 
Red  River  of  Louisiana  in  1852,  by  Marcy,  Senate 
Doc.  54,  32d  Cong.,  2d  sess.,  pp.  163-178,  Wash- 
ington, 1853.  (Another  edition,  pp.  140-155, 
1854.) 

The  paper  contains  a  review  of  the  occurrence 
of  coal  previously  described  (p.  165). 

IMS. 

11.  Marcou,  Jules,  R^um^ofa  geological  reconnaissance, 

extending  from  Napoleon,  at  the  junction  of  the 
Arkansas  with  the  Mississippi,  to  the  Pueblos  de 
Los  Angeles,  in  California:  Report  of  exploration 
for  railway  route  to  the  Pacific  Ocean,  near  thirty- 
fifth  parallel,  by  Whipple,  vol.  4,  pp.  40-48,  8°, 
House  Doc.  129.  Also  explorations  for  a  railway 
route  from  the  Mississippi  to  the  Pacific,  vol.  3, 
pt.  4;  route  near  the  thirty-fifth  parallel,  explored 
by  Whipple.  Report  of  the  geology  of  the  route, 
by  Blake,  pp.  165-175,  pi.,  4^  [House  Ex.  Doc. 
No.  91,  33d  Cong.,  2d  sess.;  also  Senate  Ex.  Doc. 
No.  78,  Washington,  1856]. 

The  Cretaceous  coal  beds  near  Tijeras  (Tigeras 
of  Marcou)  seem  to  be  confused  with  Carboniferous 
coal  beds  which  occur  in  the  Sandia  Mountains 
near  by  (p.  45).  The  Cretaceous  rocks  under- 
lying the  coal  beds  near  GaUsteo  are  described 
(p.  46). 

1856. 

12.  BiAKE,  W.  P.,  Report  on  the  geology  of  the  route: 

Explorations  for  a  railroad  route  from  the  Missis- 
sippi to  the  Pacific,  vol.  3,  pt.  4;  route  near  the 
thirty-fifth  parallel,  explored  by  Whipple,  116 
pages,  maps,  plates,  4°,  House  Ex.  Doc.  No.  91, 
33d  Cong.,  2d  sess.  Includes  report  on  fossils  by 
J.  Hall,  pp.  99-105,  pis. 

The  Cretaceous  age  of  the  rocks  examined  by 
Abert  at  Poblozon,  on  the  Rio  Puerco,  is  accepted 
(p.  34),  and  Whipple  and  Marcou  are  quoted  as 
reporting  coal  on  the  Rio  Puerco  and  near  Laguna 
and  Cebolleta  (p.  36)  in  rocks  which  are  regarded 
as  Cretaceous. 


iseo. 

13.  Blake,  W.  P..  Observations  on  the  geology  of  the 

Rocky  Mountain  chain  in  the  vicinity  of  Santa 
Fe,  N.  Mex.  [abstract]:  Am.  Assoc.  Proc.,  vol.  13, 
pp.  314-319. 

The  anthracite  coal  found  in  1857  near  Cerrillos 
is  described  Cp.  315^. 

1861. 

14.  Blake,  W.  P.,  Observations  on  the  mineral  resources 

of  the  Rocky  Mountain  chain  near  Santa  Fe  and 
the  probable  extent  southward  of  the  Rocky  Moun- 
tain gold  field:  Boston  Soc.  Nat.  Hist.  Proc.,  vol. 
7,  pp.  64-70. 

The  occurrence  of  anthracite  coal  near  Cemllos, 
examined  in  1857,  is  described.  In  the  same  con- 
nection the  author  refers  to  the  Carboniferous  coal 
beds  at  Santa  Fe. 

15.  Newberry,  J.  S.,  Geological  report:  Report  upon  the 

Colorado  River  of  the  West,  explored  in  1857  and 
1858  by  liieut.  Joseph  C.  Ives,  pt.  3,  154  pp., 
6  pis.,  4°  [Senate  Ex.  Doc.  — ,  36th  Cong.,  1st 
sees.].  Abstract  in  Am.  Jour.  Sci.,  2d  ser.,  vol.  33, 
pp.  394-403. 

Some  of  the  coal  near  Moqul  is  described  as 
Jurassic  (p.  85)  and  some  as  Cretaceous,  the  latter 
associated  with  fossil  plants  similar  to  those  of  the 
Dakota  sandstone  of  Kansas  and  Nebraska.  The 
Cretaceous  coal  of  this  author  occurs  both  east  and 
west  of  Fort  Defiance  [in  the  San  Juan  Basin] 
(p.  100).  Carboniferous  fossils  were  obtained 
from  the  coal  measures  at  Santa  Fe  and  samples 
of  the  anthracite  from  the  vicinity  of  Cerrillos 
were  obtained,  but  that  locality  was  not  visited. 

1865. 

16.  Owen,  R.  E.,  and  Cox,  E.  T.,  Report  on  the  mines  of 

New  Mexico,  60  pp.  Abstract  in  Am.  Jour.  Sci., 
2d  ser.,  vol.  40,  pp.  391-392. 

The  occurrence  of  coal  in  the  Canon  City  field, 
in  the  Raton  Mesa  region,  in  the  Rio  Puerco  field, 
and  near  Fort  Craig,  on  the  Rio  Grande,  is  men- 
tioned (pp.  23-40).  Anthracite  regarded  by  these 
authors  as  Carboniferous  in  age  is  reported  at 
Placer  Mountain  (Cerrillos  field). 

1867. 

17.  Hayden,  F.  v..  First  Annual  Report  of  the  United 

States  Geological  Survey  of  the  Territories, 
embracing  Nebraska,  64  pp.  Abstract  on  liignite 
formation:  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  pp. 
198-208. 

The  coal  measures  of  the  Rocky  Mountains  are 
reported  as  extending  southward  to  the  Raton 
Mesa  region  and  are  referred  to  the  Tertiary  (p. 
170,  p.  56  of  First,  Second,  and  Third  Ann.  Repts. 
printed  together  in  1873). 

1868. 

18.  IIayden,  F.  v..  Rocky  Mountain  coal  beds:  Am.  Jour. 

Sci.,  2d  ser.,  vol.  45,  pp.  101-102. 

Brief  reference  is  made  to  the  coal  beds  ''all 
along  the  foot  of  the  mountains  from  Pole  Creek 
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far  south  into  New  Mexico."  They  are  included 
with  the  author's  Tertiary  lignites. 

19.  HAYDEN,F.V.,Noteson  the  lignitedepositsof  the  West: 

Am.  Jour.  Sci.,  2d  ser..  vol.  45,  pp.  19&-208. 

Brief  reference  is  made  to  the  New  Mexico  coal 
described  by  Le  Conte  (pp.  199,  202).  A  report 
by  Lesquereux  is  quoted  giving  the  descriptions 
of  fossil  plants,  among  which  are  those  collected 
by  Le  Conte  at  Raton  Pass  and  on  the  Purgatoire 
River  (p.  207).  Lesquereux,  however,  refrains 
from  expressing  an  opinion  regarding  the  age  of 
these  fossils,  but  Hayden  uses  them  in  his  argu- 
ment that  the  coal  beds  are  of  Tertiary  age.  He 
expresses  the  opinion  (p.  205)  that  there  are  "no 
valuable  beds  of  lignite  west  of  the  Mississippi  in 
formations  older  than  the  Tertiary." 

20.  Lb  Conte,  J.  L.,  Notes  on  the  geology  of  the  survey 

for  the  extension  of  the  Union  Pacific  Railway 
from  Smoky  Hill  River,  Kans.,  to  the  Rio 
Grande,  76  pages,  8°,  Philadelphia. 

Coal  is  reported  near  Tijeras,  N.  Mex.  (p.  34); 
at  Tierra  Amarilla,  about  120  mil  as  northwest  of 
Santa  Fe,  N.  Mex.  (p.  36);  and  in  the  Rio  Puerco 
field  west  of  Albuquerque,  N.  Mex.  (p.  41). 

The  anthracite  near  Cerrillos  is  described  and 
also  the  occurrence  of  fossil  plants  in  rocks  asso- 
ciated with  it  (pp.  38-40).  The  coal  is  refened  to 
the  Cretaceous  and  is  said  to  be  older  than  the 
so-called  Marshall  formation  (Laramie)  of  the 
Denver  Basin  (p.  38). 

Coal  was  found  in  Manco  del  Burro  Pass  [near 
Yankee,  N.  Mex.],  and  the  coal  beds  near  Trini- 
dad, Wootten,  Raton,  Vermejo  Canyon,  and  Van 
Bremmer  Canyon  were  examined.  From  certain 
fossil  plants  and  shells  found  near  Trinidad  the 
author  concludes  that  the  coal  is  of  ** middle 
Cretaceous"  age.  Compared  with  other  coal- 
bearing  rocks,  he  places  the  Cerrillos  coal  beds  low 
in  the  Cretaceous;  the  Raton  Mesa  coal  beds  next 
higher;  the  Denver  coal  beds  [Laramie]  in  the 
youngest  Cretaceous  or  oldest  Tertiary;  and  the 
Missouri  River  coal  beds  in  the  Tertiarv. 
21.  Cretaceous  coals  in  New  Mexico:  Am.  Jour. 


Sci.,  2d  ser.,  vol.  45,  p.  136. 

The  coal  beds  near  Cerrillos  are  correlated  with 
those  described  by  Newberry  in  the  lower  part 
of  the  Cretaceous  of  northwestern  New  Mexico. 

"Unmetamorphosed  coal  from  the  coal  mine 
8  miles  east  of  San  Antonio  and  the  Rio  Grande" 
[probably  in  the  Carthage  field]  also  is  mentioned 
(p.  136). 

1870. 

22.  Raymond,  R.  W.,  Statistics  of  mines  and  mining  in 
the  States  and  Territories  west  of  the  Rocky  Moun- 
tains. House  Ex.  Doc.  No.  207,  41st  Cong.,  2d 
Bess.,  pp.  1-805. 

The  coal  beds  of  several  localities  in  New  Mexico 
are  described,  including  those  near  Fort  Craig, 
Fort  Wingate,  Taos,  the  Rio  Puerco  field,  the 
Cerrillos  field,  and  the  Raton  Mesa  region,  includ- 
ing Vermejo,  Raton,  and  Purgatoire  River. 


1871. 

23.  Newberry,  J.  S.,  On  the  age  of  some  w 

New  York  Lyceum  Nat.  Hist.  Pi 
252. 

The  coal  beds  near  Cerrillos  are 
Cretaceous. 

24.  Lesquereux,  Leo,  On  the  fossil  plant 

ceous  and  Tertiary  formations  of  K 
braska:  U.  S.  Geol.  Survey  Terr. 
Rept.,  pp.  370-385. 

Under  the  title  ''Tertiary  fossi 
author  names  several  from  Pui^ 
Raton  Pass,  and  other  localities. 

1873. 

25.  Lesquereux,  Leo,  Tertiary  flora  of  N 

U.  S.  Geol.  and  Geog.  Survey  Ten 
Rept.,  pp.  304-318. 

A  list  of  fossil  plants  is  given,  in( 
from  the  Raton  Mesa  region,  which 
gards  as  indicative  of  Eocene  age. 

26.  An  enumeration  with  descriptioi 

tiary  fossil  plants  from  specimens  p 
explorations  of  Dr.  F.  V.  Hayden 
Geol.  Survey  Terr.  [Fifth  Ann.]  R 

Descriptions  are  given  of  21  sp 
plants  from  Fishers  Peak  and  Rai 
(pp.  12-16).  The  author  correlat 
bearing  rock  of  Raton  Mesa  with  tl 
ton,  Wyo. ,  and  with  the  Tertiary  of 
Valley  (p.  19).  It  is  probable  tha 
all,  of  these  plants  came  from  b< 
imconformity .  In  th is  region  there 
that  fossil  plants  from  below  the 
would  be  collected  before  the  minei 
for  these  fossils  occur  in  soft  shale  v 
quickly  on  exposure. 

Descriptions  are  given  of  9  spe 
from  Placer  Mountain  (Cerrillos  fiei 
It  was  supposed  that  these  plants  < 
coal  measures,  now  believed  to  be 
age,  but  the  locality  within  the  fie 
nitely  indicated.  It  seems  proba 
may  have  come  from  the  Galisteo  s 
believed  to  be  of  Tertiary  age.  The 
are  of  Tertiary  types  as  follows: 

Populus  balsamoides  G5pper1 
Quercus  platanea  (?)  Heer. 
Ficus  tiliaefolia  Heer. 
Platanus  guillelmae  Heer. 
Cinnamomum  mississippiena 
Magnolia. 

Carpolithes  spirales  Lesquere 
Carpolithes  compositus  lyesqi 
Carpolithes  mexicanus  Lesqi: 

1873. 

27.  Clark,  R.  N.,  The  Tertiary  coal  beds  o 

Colo.:  Am.  Inst.  Min.  Eng.  Trane 
293-296,  pi.;  (a)  p.  90. 
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28.  Frazee,  Persifor,  Jr.,  Mines  and  minerals  of  Colo- 

rado: U.  S.  Geol.  Survey  Terr.  First,  Second, 
and  Third  Ann.  Repts.,  pp.  201-228. 

29.  Hayden,  F.  v.,  Geological  report:  U.  S.  Geol.  Survey 

Terr.  First,  Second,  and  Tliird  Ann.  Repts.,  pp. 
103-199.  Abstracts  Am.  Naturalist,  vol.  4,  pp. 
119-121,  1871;  Am.  Jour.  Sci.,  2d  ser.,  vol.  49,  pp. 
258-263,  1869.  (The  Third  Annual  Report  was 
published  as  a  preliminary  field  report  in  1869.) 

In  this  report  the  author  notes  in  the  Canon 
City  field  (p.  49)  the  presence  of  the  Cretaceous 
beds  up  to  No.  5  (Fox  nills)  and  states  that  No.  5 
is  capped  by  a  rusty  yellow  sandstone  that  is  re- 
garded as  the  lowest  bed  of  the  coal  formation, 
which  he  refers  to  the  Tertiary.  Hayden 's  No.  5 
is  the  transition  zone  below  what  is  now  known  as 
the  Trinidad  sandstone,  and  this  sandstone  is  the 
one  he  describes  as  the  lowest  bed  of  the  Tertiary 
and  correlates  with  the  base  of  the  coal  formation 
of  the  "Laramie  Plains"  and  also  of  the  '* Raton 
Moimtains"  (p.  50). 

Below  this  sandstone  he  found  BaculiUs  ovatus 
and  other  shells  which  he  regarded  as  "plainly 
No.  5."  He  expresses  the  opinion  that  the  coal 
beds  of  Wyoming,  eastern  Colorado,  and  the  Rio 
Grande  are  of  the  same  age  and  are  remnants  of 
the  same  coal  basin.  He  refers  to  Tertiary  beds 
east  of  Spanish  Peaks  (p.  53)  and  describes  the 
coal  beds  and  the  fossil  plants  near  Trinidad 
(p.  .54),  correlating  the  beds  with  those  at  Canon 
City,  but  states  that  the  coal  beds  referred  to  the 
Tertiary  in  Raton  Mountains  rest  on  Cretaceous 
No.  2  (Benton") ,  thus  making  the  coal  measures 
imconformable  on  the  Cretaceous  shale. 

The  coal  beds  near  Cerrillos  are  described,  and 
fossil  plants  were  foimd  which  Hayden  thinks  are 
identical  with  some  found  in  "Raton  Mountains'^ 
(pp.  67-68).  He  "regards  all  the  coal  beds  of  the 
West,  including  those  at  Cerrillos,  as  lower  Ter- 
tiary" (p.  89). 

In  a  summary  (p.  90)  he  refers  again  to  the  Canon 
City  coal  beds;  the  Raton  Hills,  where  he  names 
the  coal  beds  the  Raton  Hills  group;  and  to  the 
Placer  Mountain  (Cerrillos)  coal  beds. 

A  Ust  of  fossil  plants  described  by  Lesquereux 
in  1868  is  given  (pp.  95-97).  Hayden  admits 
(p.  90)  that  the  Cerrillos  coal  beds  may  be  older 
than  those  of  the  Raton  Mesa  region.  The  beds 
now  known  as  the  Galisteo  sandstone  are  corre- 
lated with  the  "Monument  Creek  group"  of  the 
Denver  region,  which  is  now  separated  into  the 
Dawson  arkose  and  the  Castle  Rock  conglomerate. 

30.  Hitchcock,  C.  H.,  and  Blake,  W.  P.,  Geological  map 

of  the  United  States:  Statistics  of  mines  and  min- 
ing in  the  States  and  Territories  west  of  the  Rocky 
Moimtains,  [Fifth  Ann.]  Rept.  Statistical  atlas 
of  the  United  States,  based  on  the  results  of  the 
ninth  census  (1870),  by  F.  A.  Walker,  Pis.  XIII, 
XIV,  folio,  Washington,  1874.  Petermann's  Mit- 
theilungen,  vol.  21,  pi.  16,  4°,  1875.  Special 
Rept.  of  Smithsonian  Inst,  for  the  Centennial, 
Washington,  1876.  Atlas  of  the  United  States 
and  the  world,  by  Gray,  folio,  Philadelphia,  1877. 
Reproduced  (probably)  by  F.  Ratzel,  Die  Ver- 


einigten    Staaten    von    Nord-Amerika,    vol.    1, 
MQnchen,  1878. 
Canon  City  coal  is  referred  to  (pp.  302-305). 

31.  Lesquereux,  Leo,  On  the  age  of  certain  beds  of 

Wyoming  referred  to  the  Tertiary  by  Prof.  Hay- 
den and  to  the  Cretaceous  by  others:  Am.  Jour. 
Sci.,  3d  ser.,  vol.  5,  pp.  308-309. 
Slight  reference  is  made  to  the  Trinidad  field. 

32.  Lignitic  formations  and  fossil  flora:  U.  S.  Geol. 

Survey  Terr.  Sixth  Ann.  Rept.,  pp.  317-427. 
Abstracts  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  6,  pp. 
441-450;  Am.  Naturalist,  vol.  8,  pp.  217-218, 1874. 

Canon  City. — A  section  of  the  coal-bearing  rocks, 
measured  by  Nelson  Clark,  is  given  (p.  323) ;  and  the 
lowest  sandstone  is  correlated  with  the  sandstone 
of  the  Trinidad  field,  now  known  as  the  Trinidad 
sandstone.  Fossil  plants,  supposed  to  be  of 
Eocene  age,  were  found  in  the  higher  beds  of  the 
section  and  fucoids  in  the  sandstone  near  the  base. 

Trinidad  field. — A  section  of  the  coal-bearing 
rocks  near  Trinidad  is  given  (p.  319).  The  shale 
below  the  sandstone,  now  known  as  Trinidad 
sandstone,  is  referred  to  No.  4  (Pierre),  whereas 
Hayden  previously  liad  called  it  No.  2  (Benton). 
Fossils  from  this  sandstone  and  from  the  coal-bear- 
*ing  rocks  are  named,  and  the  formations  are  re- 
garded as  equivalent  to  those  at  Canon  City, 
Colo.,  and  at  Cerrillos,  N.  Mex.,  and  the  coals  of 
all  three  fields  are  referred  to  the  Eocene  (p.  409). 
Coal  in  Tijeras  Canyon;  near  San  Felipe,  12  miles 
from  the  Rio  Grande;  in  Rio  Puerco  field;  and 
elsewhere  in  New  Mexico  is  mentioned  (p.  363). 

The  Placer  Mountain  coals  (Cerrillos  field)  are 
correlated  with  those  at  Raton,  N.  Mex.,  and  at 
Canon  City.  Colo. 

33.  Macfarl.\ne,  James,  Coal  regions  of  America,  their 

topography,  geolog\%  and  development,  xvi,  676 
pages.  25  maps,  New  York;  2d  ed..  New  York; 
3d  ed.,  xvi,  700  pages,  maps,  plates,  New  York, 
1877.  Includes  map  of  Pennsylvania  by  J.  P. 
Lesley,  frontispiece. 

The  coal  fields  of  southern  Colorado  and  New 
Mexico  are  included  with  others  only  in  a  general 
way.  The  author  refers  the  coal  beds  to  the  Cre- 
taceous (p.  6)  and  states  (p.  535)  that  the  coal 
beds  along  the  base  of  the  Rocky  Mountains  [in- 
cluding the  southern  fields]  were  formed  during 
the  CretaceouH  and  early  Tertiary. 


1874. 


34.  Cope,  E.  I).,  On  the  mutual  relations  of  the  Creta- 
ceous and  Tertiary  formations:  Report  on  the  ver- 
tebrate paleontology  of  Colorado,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Seventh  Ann.  Report,  pp. 
427-533,  pi. 

The  literature  of  ''The  Fort  Union  or  Lignitic 
Group"  is  reviewed.  In  this  "group"  were  in- 
cluded (p.  432)  the  Placer  Mountain  (Cerrillos 
coal  beds,  which  tlie  author  refers  to  the  Creta- 
ceous "near  No.  5"  (Fox  Hills).  The  opinion  is 
expressed  that  the  Cerrillos  coal  beds  are  older 
than  those  at  Canon  City,  Colo.,  and  that  both 
are  older  than  Hayden 's  Lignitic  group. 
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35.  Cope,  E.  D.,  On  the  Cretaceous  age  of  the  lignites  of 

the  West:  Acad.  Nat.  Sci.  Philadelphia  Proc.,  vol. 
26,  pp.  10-11,  12-13.  Remarks  by  Le  Conte  and 
Frazer,  p.  11. 

Announcement  is  made  that  dinosaur  bones 
found  in  northeast  Colorado  prove  that  the  coal 
beds  referred  by  Ilayden  and  Lesquereux  to  the 
Tertiary  are  of  Cretaceous  age.  [John  Le  Conte 
had  referred  the  coal  beds  farther  south  to  the 
Cretaceous  in  1867.] 

36.  Notes  on  the  Eocene  and  PUocene  lacustrine 

formations  of  New  Mexico,  including  descriptions 
of  certain  new  species  of  Vertebrata:  U.  S.  Geog. 
Surveys  W.  100th  Mer.  Ann.  Kept.  (Chief  Eng. 
Ann.  Rept.,  1874,  App.  FF,  pp.  115-130).  Abstract 
in  Am.  Jour.  Sci.,  3d  ser..  vol.  9,  p.  151,  1875. 

The  Eocene  in  the  vicinity  of  Chama  River  is 
described  as  resting  unconformably  upon  coal- 
bearing  rocks  which  occur  below  fossiliferous 
Cretaceous  [the  Meeaverde  of  later  writers]  (p.  116). 

37.  Review  of  the  Vertebrata  of  the  Cretaceous 

period  found  west  of  the  Mississippi  River:  U.  S. 
Geol.  and  Geog.  Surv^ey  Terr.  Bull.,  vol.  1  [1st 
ser.],  No.  2,  pp.  5-48. 

Hayden's  reference  of  the  "Placer  Mountain" 
(Cerrillos)  coal  beds  to  the  base  of  his  Tertiary  \Ag- 
nitic  group  is  quoted  and  the  statement  is  made 
that  "they  are  nearer  to  No.  5"  CFox  Hills). 

Former  publications  dealing  with  the  age  of  the 
Canon  City  and  Placer  Mountain  coals  iare  re- 
viewed (pp.  5-48^. 

38.  Haydkn,  F.  V.  [General  report]:  U.  S.  Geol.  and  Geog. 

Survey  Terr.  [Seventh]  Ann.  Rept.,  pp.  17-82. 
Abstract  in  Ani.  Naturalist,  vol.  9,  pp.  173-177, 
1875. 

Hayden  shows  (p.  27)  that  the  fossil  plants  of 
his  Lignitic  group  indicate  Tertiary  age,  although 
the  vertebrate  remains,  according  to  Cope,  indi- 
cate Cretaceous  age,  but  that  as  early  as  1869  he 
admitt-ed  that  at  Coalville  and  elsewhere  some  of 
the  coal  is  Cretaceous  and  adds:  "I  am  more  con- 
vinced that  farther  south  in  New  Mexico,  Arizona, 
and  Utah,  there  are  coal  beds  of  imdoubted  Cre- 
taceous age."  He  further  argues  that  Cope  and 
Marsh  are  not  justified  in  maintaining  that  the 
"entire  lignitic  group"  is  Cretaceous  from  the 
vertebrate  evidence  then  at  hand. 

39.  Remarks  on  age  of  lignitic  group:  U.  S.  Geol. 

and  Geog.  Survey  Terr.  Bull.,  vol.  1  [1st  ser.]. 
No.  2,  pp.  1-2. 

As  a  preface  to  Cope's  paper  in  this  bulletin 
Hayden  shows  that  in  1869  he  pointed  out  that 
the  coal  beds  at  Coalville,  Utah,  are  probably  Cre- 
taceous and  adds  that  the  greater  portion  of  these 
in  southern  Utah,  New  Mexico,  and  Arizona  are 
"of  undoubted  Cretaceous  age."  He  argues  that 
the  coal-bearing  rocks  whose  accumulation  began 
in  the  Cretaceous  continued  as  transitional  beds 
into  the  Tertiary,  and  that  there  is  no  marked 
break  within  them. 

40.  Lesquereux,  Leo,  The  lignitic  formation  and  its  fos- 
sil flora:  U.  S.  Geol.  and  Geog.  Siu^ey  Terr. 
[Seventh]  Ann.  Rept.,  pp.  366-425. 


The  question  of  age  of  the  coal  beds  is  discuss 
and  names  are  given  of  the  fossil  plants  from  mai 
places  including  the  Cerrillos  and  Raton  Mesa  cc 
fields. 

41.  Lesquereux,  Leo,  On  the  formation  of  the  ligni 

beds  of  the  Rocky  Mountain  region:  Am.  Joi 
Sci.,  3d  ser.,  vol.  7,  pp.  29-31. 

The  author  gives  facts  opposing  the  theory  th 
the  coal  of  the  Raton  Mesa  region,  Canon  Cit 
and  elsewhere  was  formed  from  drifted  materis 

42.  On  the  age  of  the  lignitic  formations  of  t' 

Rocky  Mountains:  Am.  Jour.  Sci.,  3d  ser.,  vol. 
pp.  546-557. 

The  author  discusses  the  age  of  the  western  cc 
beds  and  repeats  his  previous  reference  of  them 
the  Tertiary. 

43.  LoEW,  Oscar,  A  new  fos(dl  resin — "wheelerite":  Ai 

Jour.  Sci.,  3d  ser.,  vol.  7,  571-572. 

Resin  was  found  in  "Cretaceous  lignite  bedi 
near  Nacimiento,  N.  Mex.  An  analysis  of  i 
resin  is  given. 

44.  Marvin E,  A.  R.,   Report  of  Middle  Park  divisio 

U.  S.  Geol.  and  Geog.  Survey  Terr.  [Sevent 
Ann.  Rept.,  pp.  83-192. 

45.  Newberry,  J.  S.,  On  circles  of  deposition  in  secon 

ary  sedimentary  rock,  American  and  foreig 
New  York  Lyceum  Nat.  Hist.  Proc.,  2d  ser.,  p 
122-124.  Disciissed  by  Wurtz  and  Day,  idei 
pp.  124,  125. 

46.  [On  the  lignite  flora  of  the  far  west]:  New  Yo 

Lyceum  Nat.  Hist.  Proc.,  2d  ser.,  pp.  78-79. 

The  author  criticizes  an  article  by  I^-esquereu 
who  referred  the  western  coals  to  the  Eocene,  ai 
shows  that  in  Arizona  and  western  New  Mexi 
marine  invertebrates  of  Cretaceous  age  occur  abo 
the  coal. 
On  the  lignites  and  plant  beds  of  weste 


47. 


America:  Am.  Jour.  Sci.,  3d  ser.,  vol.  7,  p 
399-404. 

The  author  answers  the  argument  of  Lesquerei 
contained  in  an  article  in  Hayden 's  report  for  18 
and  dissents  from  his  views.  He  asserts  that  t 
of  the  plant-bearing  coal  beds  in  New  Mexico  8 
of  Cretaceous  age  and  is  inclined  to  the  opini 
that  those  farther  north  are  of  the  same  age. 

He  refers  (p.  404)  to  an  "Echo  Canyon  cc 
glomerate  "  above  the  coal  beds  and  suggests  th 
it  may  mark  the  division  between  Cretaceous  ai 
Tertiary. 

48.  Prout,  H.  G.  [General  description  of  country]:    F 

port  of  a  reconnaissance  in  the  Ute  countr>',  ma 
in  1873,  by  Ruffner:  42d  Cong.,  1st  sess..  Hoi 
Ex.  Doc.  No.  193,  pp.  6-51. 

49.  Raymond,  R.  W.,    Remarks   on   the   occurrence 

anthracite  in  New  Mexico:  Am.  Inst.  Min.  Er 
Trans.,  vol.  .2,  pp.  140-142. 

The  author  discusses  the  age  of  coal  beds  nc 
Cerrillos  and  the  chemical  character  of  the  co; 
He  accepts  Newberry's  reference  of  the  coal  be 
to  the  Cretaceous. 

50.  Stevenson,  J.  J.  [Age  of  western  lignite]:  New  Yc 

Lyceum  Nat.  Hist.  Proc,  vol.  2,  pp.  93-94. 

The  writer  argues  for  the  Cretaceous  age  of  t 
Canon   City  coal  and    shows    that  Ilalymeni 
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occurs  both  below  and  within  the  coal-bearing 
rocks.  He  compares  these  beds  with  those  of  New 
Mexico,  which  he  claims  are  admitted  to  be  Cre- 
taceoufl,  and  with  beds  containing  Halymenites 
and  marine  shells  at  Platt^ville,  Colo.,  above 
[Laramie]  coal. 

1875. 

51.  Cope,  Yj.  D.,  Report  on  the  geolog>^  of  that  part  of 

northwestern  New  Mexico  examined  during  the 
field  season  of  1874:  U.  S.  Geog.  Surve>^  W.  100th 
Mer.  Ann.  Rept.  1875  (Chief  Eng.  Ann.  Rept., 
pt.  2,  App.  LL),  pp.  981-1017,  pis.  (Published 
also  separately,  pp.  1-196.) 

Cretaceous  beds,  Noe.  3  and  4,  are  described 
(pp.  99(>-997)  east  of  Sandia  Moimtains  [near 
Hagan].  The  author's  discussion  of  the  relation 
of  these  rocks  to  the  (ialisteo  sandstone  indicates 
that  he  regarded  the  coal  beds  which  are  above 
the  marine  Cretaceous  as  No.  4  [Pierre]  or  younger 
[although  according  to  Stevenson  he  placed  them 
in  No.  3]. 

The  coal  beds  extending  from  Nacimiento 
Mountains  northward  are  described  and  referred 
to  Cretaceous  No.  3.  Marine  invertebrates  were 
found  above  these  beds  (p.  1000). 

A  section  is  given  in  which  coal  is  shown  in 
Cretaceous  No.  3,  at  Cristone,  overlain  by  rocks 
of  marine  origin  wiUi  fossils  supposed  to  indicate 
Cretaceous  No.  4  (pp.  1007-1008).  The  author 
states  that  "this  lignite  bed  extends  throughout 
the  region  west  of  the  Rocky  Moimtains  wherever 
No.  3  occurs,  and  is  the  bed  which  has  been  mis- 
taken for  the  true  lignite,  or  No.  6  of  some  geolo- 
gists." 

52.  On  the  Cretaceous  beds  of  the  Cralisteo:  Acad. 

Nat.  Sci.  Philadelphia  Proc.  for  1875  [vol.  27], 
pp.  359-360. 

The  author  discuflses  Stevenson's  paper  on 
Geological  relations  of  the  lignitic  groups  of  the 
Cretaceous,"  and  refere  the  Galisteo  sandstone  to 
the  Triassic  on  the  supposition  that  former  ob8er\'- 
ers  had  inverted  the  section. 

53.  The  geology  of  New  Mexico:  Acad.  Nat.  Sci. 

Philadelphia  Proc.  [vol.  27],  pp.  263-267.  Am. 
Joiu-.  Sci.,  3d  ser.,  vol.  10,  pp.  152-153. 

Reference  is  made  to  the  age  of  the  Galisteo 
sandstone  (p.  264). 

A  section  of  the  rocks  west  of  the  Sierra  l^iadre 
is  given,  including  both  Cretaceous  and  Tertiar>' 
formations  (p.  267). 

54.  The  classification  and  distribution  of  the  Cre- 
taceous deposits  of  the  West:  Vertebrata  of  the 
Cretaceous  formations  of  the  West,  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  2,  pp.  15-41,  4°. 

55.  Howell,  E.  E.,  Report  on  the  geology  of  portions  of 

Utah,  Nevada,  Arizona,  and  New  Mexico,  exam- 
ined in  1872  and  1873:  U.  S.  Geog.  and  Geol. 
Surveys  W.  100th  Mer.  Rept.,  vol.  3,  Geology, 
pp.  227-301,  4°. 

Coal  measures  in  Arizona,  Utah,  and  western 
New  Mexico  are  correlated  <pp.  275-280)  with 
those  **east  of  Mount  Taylor"  [the  southeastern 
part  of  the  San  Juan  Basin]. 


ill 


56.  LoEw,  Oscar,  Report  upon  the  mineralogical,  agri- 

cultural, and  chemical  conditions  obserN'ed  in 
portions  of  Colorado,  New  Mexico,  and  Arizona 
[including  anahnses  of  soils  and  a  chapter  on  *'The 
eruptive  rocks  of  Arizona  and  New  Mexico"]: 
U.  S.  Geog.  and  Geol.  Surveys  W.  100th  Mer. 
Rept.,  vol.  3,  Geolog>%  pp.  569-661, 4°. 

An  anah'sis  of  the  anthracite  from  Placer 
Mountain  (Cerrillos  field)  is  given;  also  an  analysis 
of  bituminous  coal  from  the  Rio  Puerco  near 
Nacimiento  (pp.  632-635). 

The  anthracite  coal  is  said  (p.  635)  to  have 
been  mined  "40  years  ago"  [i.  e.,  about  1835]. 
It  is  regarded  as  ** probably  Carboniferous." 
Information  is  given  of  coal  at  Elizabethtown, 
N.  Mex.,  and  near  Trinidad  and  Canon  City, 
Colo.  (p.  634). 

57.  Geological  and  mineralogical  report  on  portions 

of  Colorado  and  New  Mexico:  U.  S.  Geog.  Sur^•e\'s 
W.  100th  Mer.,  Ann.  Rept.  1875  (Chief  Eng.  Ajin. 
Rept.  1875,  pt.  2,  App.  LL,  pp.  1017-1036,  pub- 
lished also  separately,  pp.  1-196). 

Cretaceous  coal  measures  west  of  Nacimiento 
Mountains  are  described;  also  (p.  1027)  those  of 
the  Rio  Puerco  field  (pp.  1023-1026). 

The  anthracite  at  Placer  Mountain  was  exam- 
ined; also  the  coal  in  Tijeras  Canyon  and  at  other 
New  Mexico  localities  (p.  1028). 

58.  Stevenson,  J.  J.,  Geology  of  a  portion  of  Colorado  ex- 

plored and  surveyed  in  1873:  U.  S.  Geol.  and 
Geog.  Surveys  W.  100th  Mer.  Rept.,  vol.  3,  Geol- 
ogy pp.  303-501,  4°.  Review  by  J.  D.  D[anal, 
Am.  Jour.  Sci.,  3d  ser.,  vol.  11,  p.  412, 1876. 

The  coal-bearing  rocks  of  the  Canon  City  field 
are  described  (pp.  393-398)  as  Upper  Cretaceous, 
and  three  divisions  of  them  are  made — a  highest 
division  250  feet  thick,  conglomeratic  at  the  top; 
a  middle  division  175  feet  thick,  consisting  of  shale 
and  beds  of  coal;  and  a  lower  division,  350  feet 
thick  [apparently  including  the  sandstone  herein 
(p.  165)  named  the  Rockvale  member,  in  which 
were  found  Halyinenitis  and  impressions  of  shells]. 

1876. 

59.  CoNKLiNG,  A.  R.,  Report  on  the  geology  of  the  moun- 

tain ranges  from  I^  Veta  Pass  to  the  head  of  the 
Pecos:  U.  S.  Geog.  Surveys  W.  100th  Mer.,  Ann. 
Rept.  1876  (Chief  Eng.  Ann.  Rept.  1876,  App.  JJ), 
pp.  199-202. 

60.  Enoleman,  n.,  The  brown  coals  of  Utah  and  adjoining 

Territories:  Am.  Inst.  Min.  Eng.  Trans.,  vol.  4, 
pp.  298-308. 

61.  Hayden,  F.  v..  General  report:  U.  S.  Geol.  and  Geog. 

Survey  Terr.  [Eighth]  Ann.  Rept.,  pp.  19-58,  pis. 
Abstract  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  11,  p.  496. 

In  chapter  1  a  general  review  is  given  of  the 
"Lignitic  group,"  which  the  author  still  regards 
as  lower  Eocene;  and  he  adds  that  'it  is  some- 
what doubtful  whether  the  age  will  ever  be  de- 
cided positively  to  the  satisfaction  of  all." 

Chapter  2  describes  the  Lignitic  group,  as  exam- 
ined at  Canon  City>  etc.  Hayden  reviews  the 
previous  work  and  argues  that  the  transition  from 
the  marine  to  the  fresh-water  formations  should 
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mark  the  passage  from  Cretaceous  to  Tertiary. 
He  correlates  the  coal  measures  of  the  Canon 
City  field  with  those  of  the  Raton  Mesa  and  Denver 
regions.  He  refers  (p.  45)  to  the  coal-bearing 
rocks  as  the  Lignitic  or  Laramie  group. 

62.  Hayden,  F.  v.,  Notes  on  the  Lignitic  group  of  eastern 

Colorado  and  portions  of  Wyoming:  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Bull.,  vol.  1,  2d  ser., 
pp.  401-411.  Reviewed  in  Am.  Jour.  Sci.,  3d  ser., 
vol.  11,  pp.  147-1-^9. 

The  paper  Is  a  general  discussion  of  the  geologic 
age  of  Hie  coal  beds  in  which  are  involved  those  of 
the  Raton  Mesa  region,  Canon  City,  and  elsewhere. 

63.  Lbsquereux,  Leo,  On  the  Tertiary  flora  of  the  North 

American  Lignitic,  considered  as  evidence  of  the 
age  of  the  formation:  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  [Eighth]  Ann.  Rept.,  pp.  271-315. 

64.  Meek,  F.  B.,  Descriptions  of  the  Cretaceous  fossils 

collected  on  the  San  Juan  exploring  expedition 
under  Macomb:  Report  of  expedition  from  Santa 
Fe,  N.  Mex.,  to  the  junction  of  the  Grand  and 
Green  rivers  of  the  Great  Colorado  of  the  West,  in 
1859,  under  the  command  of  Capt.  J.  N.  Macomb; 
pp.  119-133,  plates,  4^. 

The  fossils  described  in  this  report  were  col- 
lected by  Newberry  in  1859  from  the  Cretaceous 
rocks  of  western  New  Mexico  and  Colorado. 

Meek  agrees  with  Newberry  in  correlating  the 
"Lower  Cretaceous"  of  the  latter  with  the  Dakota 
of  the  Upper  Missouri  Cretaceous  section;  the 
"Middle  Cretaceous"  with  the  Benton  and  Nio- 
brara formations;  and  the  ''Upper  Cretaceous," 
except  the  highest  beds,  which  were  regarded  as 
probably  Tertiary,  with  Pierre  and  Fox  Hills  (pp. 
121-122). 

65.  Newberry,  J.  S.,  Geological  report:  Report  of  expe- 

dition from  Santa  Fe,  N.  Mex.,  to  the  junction  of 
the  Grand  and  Green  rivers  of  the  Great  Colorado 
of  the  West,  in  1859,  under  the  command  of  Capt. 
J.  N.  Macomb,  pp.  9-118,  map,  plates,  4°. 

The  Cretaceous  is  subdivided  into  three  groups: 
The  lowest  or  'Lower  Cretaceous"  includes  the 
Dakota  of  other  writers;  the  'Middle  Cretaceous" 
is  made  equivalent  to  Benton  and  Niobrara;  and 
the  "Upper  Cretaceous"  to  the  Pierre  and  Fox 
Hills  (including  beds  at  the  top  that  later  proved 
to  be  Tertiary). 

"Triassic  rocks  containing  *  *  ♦  silicified 
trunks  of  coniferous  trees"  are  reported  east  of 
Gerrillos  (p.  38).  [The  silicified  trees  east  of  Cer- 
rillos  described  by  later  writers  are  in  the  Galisteo 
sandstone.] 

Near  the  mouth  of  Galisteo  Creek  fossil  leaves 
said  to  be  Cretaceous  were  found  in  yellow  sand- 
stone below  the  marine  Cretaceous  shale  (p.  51). 
The  description  seems  to  indicate  that  these  may 
be  below  the  Dakota  sandstone  of  the  present 
paper.] 

The  coal  beds  at  the  base  of  Placer  Mountain 
[the  Mesaverde  near  Madrid]  are  referred  to 
"Middle  Cretaceous"  and  the  bituminous  coal  is 
described  as  changed  to  anthracite  by  igneous  in- 
trusion. 
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ceous  were  recognized 
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rocks  near  Sierra  del  Ni 
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The  "brown  sandstoi 
near  Nacimiento  are  r< 
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verde  formation  of  later 

66.  Stevenson,  J.  J.,  On  the  | 

Lignitic  groups  of  the  fa 
Proc.,  vol.  14,  pp.  447-4 
The  paper  is  a  general 
on  the  controversy  as  1 
Mountain  coal  beds.  T 
placing  the  Lignitic  grc 

67.  St.  John,  O.  H.,  Notes  on  tl 

New  Mexico:  U.  S.  Geol 
Bull.,  vol.  2,  pp.  279-3 
in  Am.  Jour.  Sci.,  3d  se 
The  Raton  coal  field  if 
and  sketches  presented 
Hayden's  reference  of  th 
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the  present  paper.] 

68.  Williams,  S.  G.,  Notes  on 

calities  near  Canon  City 
U.  S.  Geol.  and  Geog.  S 
2d  ser.,  pp.  249-251. 

A  section  of  rocks  abou 
including  seven  coal  be 

1877. 

69.  Cope,  E.  D.  ,  Report  on  the  e5 

in  New  Mexico  by  par 
1874:  U.  S.  Geog.  Surv< 
vol.  4,  Paleontology,  J 
Abstract  in  Am.  Jour.  S« 
1878. 

The  Cretaceous  west  o 
Mountains  is  described 
showing  coal  in  "  Cretac 
Mesaverde  coal],  succee 
val  by  Puerco  (pp.  l-Vc 

The  relations  of  the  " 
are  discussed  at  some  le 
72.  CoNKLiNG,  A.  R.,  Report  o 
plains  from  latitude  35° 
U.  S.  Geog.  Surveys  W 
1877  (Chief  Eng.  Ann 
pp.  1298-1303). 

The  coal  beds  betwee: 
Trinidad ,  Colo. ,  are  desc 
were  found  below  the  cc 
coal    measures.    A    se< 
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Vermejo  Canyon  showing  a  conglomerate  about 
110  feet  above  the  sandstone  now  known  as  the 
Trinidad.  [This  conglomerate  is  the  base  of 
what  is  now  known  as  the  Katon  formation.] 

The  coal  mines  near  Trinidad  are  described. 
The  author  gives  (pp.  1301-1303)  a  translation  of 
a  paper  published  at  The  Hague  in  1874  describing 
the  Maxwell  land  grant.  It  contains  descriptions 
of  the  coal  beds  in  Ponil  Canyon,  Vermejo  Valley, 
and  Cottonwood  Canyon,  in  New  Mexico,  and  at 
Trinidad,  Walsenburg,  and  elsewhere  in  Colorado. 

73.  Endlich,  F.  M.  ,  Report  as  geologist  of  the  southeastern 

division:  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ninth  Ann.  Rept.,  pp.  103-235.  Abstract  in 
Am.  Jour.  Sci.,  3d  ser.,  vol.  14,  p.  421. 

Laramie  (?)  rocks  are  described  as  lying  between 
the  Fox  Hills  and  the  Puerco  in  western  New 
Mexico  (p.  189). 

Chapter  V  (pp.  194-215)  describes  post-Creta- 
ceous beds  of  the  Trinidad  region. 

The  coal  beds  seem  to  lie  conformably  on  the 
Cretaceous,  although  the  author  condders  the  pos- 
sibility- that  they  are  really  imconformable. 
Several  sections,  maps,  and  sketches  are  given. 
A  cross  section  (XIV)  shows  the  essential  features 
as  they  are  known  at  the  present  time,  notably  a 
lower  and  an  upper  group  of  coal  beds.  Endlich 
believed  (p.  198)  that  the  lower  group  of  coals 
together  with  the  basal  sandstone  (later  named 
Trinidad)  disappeared  westward  and  was  not  pres- 
ent at  the  western  margin  of  the  field  (see  section 
XXI),  from  which  he  argues  that  the  coal  forma- 
tion really  is  unconformable  on  the  Cretaceous 
shale,  which  he  calls  Colorado  shale,  including  in 
it  all  rocks  between  Dakota  and  Fox  Hiils.  De- 
scriptions and  analyses  are  given  of  the  coal  from 
the  Trinidad,  Canon  City,  and  other  coal  fields. 

He  argues  (p.  206)  that  No.  5  (Fox  Hills)  is 
absent  from  the  Trinidad  field  and  that  the  coal-, 
bearing- rocks  rest  imconformably  on  the  Creta- 
ceous. He  concludes  (p.  211)  that  the  coal  beds 
of  Trinidad  and  Canon  City  should  not  be  consid- 
ered Cretaceous  or  Tertiary  but  should  form  a 
transition  group  between  the  two. 

74.  Macparlane,  James,  Coal  regions  of  America,  their 

topography,  geology,  and  development,  xvi,  676 
pp.,  25  maps.  New  York,  1873;  2d  ed.,  New  York; 
3d  ed.,  xvi,  700  pp.,  maps,  pie..  New  York,  1877. 
The  author  describes  the  coal  beds  of  the  Cer- 
rillos  field  and  mentions  those  of  the  Rio  Puerco, 
Raton,  and  other  New  Mexico  fields  (pp.  72-76). 

75.  Hayden,  F.  v..  Letter  [on  general  results]:  U.  S. 

Geol.  and  Geog.  Survey  Terr.  Ninth  Ann.  Rept., 
pp.  1-28.  Abstract  in  Am.  Naturalist,  vol.  10, 
pp.  161-162,  1876. 

Hayden  refers  (p.  4)  to  Endlich's  work  con- 
tained in  this  volume  and  asserts  that  the  observa- 
tions there  described  prove  that  the  coal  at  Trini- 
dad is  not  Cretaceous. 

76.  U.  S.  Geol.  and  Geog.  Survey  Terr.  Geological 

and  geographical  atlas  of  Colorado  and  portions  of 
adjacent  territory,  folio  22,  double  folio  atlas 
sheets.     (2d  ed.  corrected  to  date,  1881.) 


Detailed  geologic  sheets,  by  Endlich,  W.  H. 
Holmes,  Peale,  Mar\'ine,  and  C.  A.  WTiite. 

The  marine  shale  (apparently  both  Mancos  and 
Lewis  of  later  writers)  in  northern  New  Mexico 
west  of  the  Rocky  Mountains  is  mapped  as  Colo- 
rado shale.  The  coal-bearing  rocks  [apparently 
including  both  Mesaverde  and  ''Laramie, ''and 
probably  including  also  some  of  the  Tertiary]  are 
mapped  as  Fox  Hills.  The  Wasatch  is  mapped  aa 
resting  on  Fox  Hills  at  the  eastern  margin  of  the 
San  Juan  Basin  and  on  Laramie  farther  to  the  west 
near  Durango  and  elsewhere.  The  Cretaceous 
formations  mapped  are  Dakota;  Colorado,  includ- 
ing Benton  and  Niobrara;  Fox  Hills,  including 
Pierre  and  Fox  Hills  proper ;  and  Laramie.  In  the 
Canon  City  and  Raton  Mesa  regions  the  coal-bear- 
ing rocks  are  designated  as  Laramie  and  the  shale 
underlying  them  as  Colorado.  No  Pierre  or  Fox 
Hills  is  indicated  in  either  of  these  regions. 

77.  Potter,  W.  B.,  The  character  and  composition  of  the 

lignite  coals  of  Colorado:  .\m.  Inst.  Min.  Eng. 
Trans.,  vol.  5,  pp.  365-375. 

Descriptions  and  chemical  properties  are  given 
of  coal  from  the  Trinidad,  Raton,  and  Canon  City 
coal  fields,  and  elsewhere,  also  of  graphite  from 
Raton. 

78.  White,  C.  A.,  Report  upon  the  invertebrate  fossils  col- 

lected in  portions  of  New  Mexico  and  Arizona  by 
parties  of  the  expeditions  of  1871,  1872,  1873,  and 
1874:  U.  S.  Geog.  Surveys  W.  100th  Mer.  Rept., 
vol.  4,  Paleontology,  p.  1,  219  pages,  pis.  1-21,  4°. 
Abstract  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  12,  pp. 

62-63.  1876. 

1878. 

79.  Enduch,  F.  M.,  Catalogue  of  minerals  found  in  Colo- 

rado: L".  S.  Geol.  and  Geog.  Survey  Terr.  Tenth 
Ann.  Rept.,  pp.  133-159. 

80.  Hayden,  F.  V.,  Remarks  on  lignitic  formation  of  the 

West:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7, 
Contributions  to  the  fossil  flora  of  the  Western 
Territories,  p.  2,  the  Tertiary  flora,  by  Leo  Lee- 
quereux,  pp.  iii-ix,  4°. 

The  author  defines  Lignitic  group  (p.  4)  as  the 
"coal-bearing  strata  l>dng  above  the  Fox  Hillfl 
group — and  embraced  in  the  divisions  Laramie 
and  Fort  Union  groups. "  The  name  *' Lignitic" 
is  abandoned  because  of  the  occurrence  of  coal  at 
lower  horizons. 

81.  Lesquereux,  Leo,  The  Tertiary  flora:    U.  S.  Geol. 

and  Geog.  Survey  Terr.  Rept.,  vol.  7;  The  lignitic 
formations  of  North  America,  pt.  1,  pp.  1-31;  Dis- 
tribution of  Tertiary  fossil  plants,  pt.  2,  pp.  33-301; 
Age  of  the  lignitic  formations,  etc.,  pt.  3,  pp.  309- 
366;  65  pis.,  4''.  Reviewed  by  E.  D.  Cope,  Am. 
Naturalist,  vol.  12,  pp.  243-246. 

The  geology  of  the  various  localities  from  which 
fossil  plants  were  obtained  is  outlined,  including 
Canon  City,  the  Raton  Mesa  region,  and  Cerrillos. 

The  fossil  plants  from  Placi^^e  (Cerrillos)  are 
included  in  the  Tertiary  flora,  and  the  rocks  con- 
taining them  correlated  with  the  coal  measures  of 
the  Raton  Mesa,  Canon  City,  Denver,  and  other 
fields  (p.  314). 


INTRODUCTION. 


1870. 

82.  Cope,  E.  D.,  The  relations  of  the  horizons  of  extinct 

Vertebrata  of  Europe  and  North  America:  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Bull.,  vol.  5,  pp. 
3a-54. 

Puerco  (?)  is  shown  as  occurring  above  Laramie 
(p.  50). 

"The  Puerco  marls  *  *  ♦  first  observed  by 
me  [Cope]  in  New  Mexico  in  1874'*  were  referred 
by  Endlich  in  1875  (p.  52)  "to  the  lowest  place  in 
the  Tertiary  series,  but  the  absence  of  fossils  ren- 
ders it  difficult  to  conclude  whether  they  belong 
here  or  in  the  Laramie  series.'' 

83.  Miller,  S.  A.,  North  American  Mesozoic  and  Cenozoic 

geology  and'  paleontology:  Cincinnati  Soc.  Nat. 
Hist.  Jour.,  vol.  2,  pp.  140-161,  223-244,  1879; 
vol.  3,  pp.  9-32,  79-118,  165-202,  245-288,  1880; 
vol.  4,  pp.  3-46,  93-144,  183-234,  1881.  Also 
issued  338  pp.,  Cincinnati,  1881. 

84.  Stevenson,  J.  J.,  Report  on  a  special  geological  party 

operating  in  Colorado  and  New' Mexico  from  Span- 
ish Peaks  to  the  south,  field  season  of  1878  (and 
1879):  U.  S.  Geog.  Surveys  100th Mer.  Ann.  Kept., 
.  1879  (Chief  Eng.  Ann.  Rept.  1879,  App.  00,  pp. 
271-281). 

The  Raton  Mesa  region  is  described  and  a  gen- 
eralized section  given  in  which  appear  32  coal 
beds  [many  of  which  are  now  known  to  be  parts 
of  essentially  the  same  beds].  A  Cardium  is  re- 
ported from  the  coal  beds;  also  HalymenUes  was 
found  in  rocks  above  the  sandstone  now  known  as 
Trinidad  (p.  279). 

85. Geology  of  Galisteo  Creek,  New  Mexico:  Am. 

Jour.  Sci.,  3d  ser.,  vol.  18,  pp.  471-475. 

The  coal  beds  north  of  Placer  Mountain  (Cerril- 
los  field)  are  referred  to  the  Laramie,  and  the 
underlying  shale  exposed  near  the  town  of  Galis- 
teo, to  the  Pierre,  Niobrara,  and  Benton  (p.  471). 

"The  Galisteo  group"  is  described  as  lying  im- 
conformably  on  beds  ranging  from  Laramie  to 
Dakota.  [This  probably  is  not  the  Galisteo  sand- 
stone of  other  writers.] 

86.  Whtte,  C.  a..  Report  on  the  paleontological  field  work 

for  the  season  of  1877:  IT.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Eleventh  Ann.  Rept.,  pp.  161-272. 
Abstracts  in  Am.  Naturalist,  vol.  12,  pp.  103-106, 
1878;  Am.  Jour.  Sci.,  3d  ser.,  vol.  15,  p.  59,  1878. 
A  list  is  given  (pp.  '267-268)  of  fossils  collected 
by  0.  n.  St.  John  near  Cimarron,  said  to  come 
from  the  Fox  Hills,  which  as  used  by  White  in- 
cluded the  Pierre.  Apparently  they  are  from  the 
zone  of  limestone  concretions  100  to  400  feet  below 
the  base  of  the  Trinidad  sandstone,  in  what  is  now 
regarded  as  Pierre.  The  greater  part  of  the  paper 
is  devoted  to  the  fields  north  of  those  described  in 
this  paper. 

1881. 

87.  Lesqubreux,  Leo,  Remarks  on  the  Cretaceous  and 

Tertiary  flora  of  the  Western  Territories:  Am. 
Naturalist,  vol.  16,  pp.  102-108. 

88.  Stevenson,  J.  J.,  Note  on  the  Laramie  group  of  south- 

em  New  Mexico:  Am.  Joiu*.  Sci.,  3d  ser.,  vol.  22, 
pp.  370-372. 


See  No.  89  (below),  p.  223. 

The  statement  is  made  (p.  370)  that  the  Lar 
(so  called)  is  practically  continuous  from  Ga) 
Creek  southward  for  150  miles.  [This  is  an 
probably  arising  from  the  fact  that  coal  o< 
near  "San  Pedro"  about  10  miles  south  o: 
Galisteo  and  also  near  another ' '  San  Pedro '  *  a 
150  miles  to  the  south.  The  coal  near  San  I 
and  San  Antonio  referred  to  by  J.  M.  Robi] 
whom  Stevenson  quotes,  is  probably  the  cc 
the  Tijeras  field,  but  it  is  not  certain  how  mu 
the  description  refers  to  this  field  and  how  i 
to  the  Carthage  field  near  the  "San  Pedro"  fa 
to  the  south.] 

Oslrea  congesta  was  observed  "high  up  ii 
Laramie"  of  the  Cerrillos  field;  and  Ostrea  gl 
Anomiaj    Corhula  (3  species),  CamptonecUi 
and    Tellina  (?)   were  obtained  from  the 
measures  near  San  Pedro   [probably  from 
Tijeras  field]  and  identified  by  R.  P.  WTiii 
(p.  371). 
89.  Stevenson,  J.  J.,  Report  upon  geological  exar 
tions  in  southern  Colorado  and  noHhem  New 
ico  during  the  yeare  1878  and  1879:  U.  S.  ( 
Surveys  W.  100th  Mer.  Rept.,  vol.  3,  suppl. 
pp.,  pL,  3  maps,  4°.    (The  maps  were  issu^ 
1877  to  accompany  folio  geologic  atlas  of  the 
veys  west  of  the  100th  meridian.) 

A  review  is  g^ven  of  former  explorations 
investigations.  Chapter  9  contains  a  descri] 
of  "the  Laramie  group"  of  the  Raton  Mesa 
Cerrillos  coal  fields. 

A  conglomerate  is  described  in  the  Raton 
(p.  124),  but  the  conglomerate  at  the  north 
(which  belongs  to  the  formation  later  m 
Poison  Canyon)  seems  to  be  confused  wit! 
older  conglomerate  exposed  in  Cimarron  Car 
The  older  conglomerate  (which  belongs  tc 
Raton  formation  of  the  present  report)  conta 
"many  pebbles  of  gneiss  and  quartzite"  ii 
scribed  in  the  southern  part  of  the  Raton 
(p.  125).  It  was  noted  on  Crow  Creek 
Houten)  where  "its  under  surface  is  covered 
a  close  mat  of  small  cylindrical  bodies  1  inch 
and  one-fifth  of  an  inch  in  diameter.  They 
be  casts  of  fucoids."  (See  also  p.  264.) 
further  stated  that  "at  most  localities  a  var 
sandstone  overlies  the  'Trinidad  coal  bed 
second  thick  bed  of  coal  above  the  base  of  the 
measures  (see  section  on  p.  105) — and  con 
some  conglomerate  layers,  fossil  plants,  a 
Car(/{u7n-like  shell,  similar  to  shells  found  ii 
Trinidad  sandstone,  was  found  in  the  coal-be 
rocks  in  Ponil  Canyon.  Fish  teeth  and  a  Car 
like  the  one  named  above  were  found  in  '. 
Canyon  in  the  Trinidad  sandstone"  (p.  126) 

The  "Galisteo  coal  field"  (Cerrillos  fiel 
briefly  described  and  a  detailed  section  o 
coal -bearing  rocks  near  the  "western  edge  c 
area"  is  given,  and  the  rocks  referred  tc 
Laramie  (pp.  126-130). 

The  subdivisions  of  Lower,  Middle,  and  I 
Cretaceous  are  adopted,  but  "Upper  Cretace 
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is  here  made  equivalent  to  No.  5  (Fox  Ilills)  and 
a  part  of  No.  4  (Pierre),  and  "Middle  Cretaceous  " 
IB  made  to  include  part  of  No.  4  (p.  132).  On 
the  maps  ''Middle  Oetaceous''  is  designated  as 
Colorado. 

The  coal  beds  of  the  Galisteo  area  are  correlated 
directly  with  those  of  southern  Colorado  (Trinidad 
field)  and  with  those  of  northern  Colorado  (Denver 
field)  and  Wyoming  (p.  136). 

The  writer  states  that  Newberry  regarded  the 
coal  beds  near  Chama  and  farther  to  the  north  and 
west  as  younger  than  the  Galisteo  coal  beds 
(p.  145).  The  Galisteo  coal  beds  are  correlated 
with  Newberry's  Upper  Cretaceous  of  the  Chama 
region  [Newberry  himself  had  referred  them  to 
"Middle  Cretaceous"]. 

Cope's  description  of  the  rocks  near  Chama  in 
the  WTieeler  reports  (Nos.  36  and. 51  of  this  list)  is 
quoted  as  proof  that  Cope  was  describing  the 
Upper  Cretaceous  of  Newberry.  Stevenson  uses 
this  for  correlating  with  his  Laramie. 

Inoceramus  and  Ostrea  were  found  in  the  Lara- 
mie (so  called)  of  the  Galisteo  area  (p.  155). 

His  Galisteo  group  is  referred  to  the  Tertiary 
(pp.  15^162).  [The  description  and  the  mapping 
indicate  that  Stevenson's  Galisteo  is  quite  dif- 
ferent from  the  Galisteo  of  other  authors  and  is 
probably  younger,  for  it  lies  with  marked  angular 
unconformity  on  the  older  rocks.  The  Galisteo 
sandstone  of  other  authors  is  evidently  regarded 
by  Stevenson  as  a  part  of  his  Laramie  (see  author's 
fig.  49).] 

Detailed  descriptions  and  sections  of  the  coal- 
bearing  rocks  are  given  (pp.  328-346). 

Chapter  10  contains  a  discussion  of  the  relations 
of  the  Laramie  and  a  conclusion  that  it  belongs  in 
the  Cretaceous. 

Chapters  13  and  14  contain  sections  of  the  coal 
beds  of  the  Raton  Mesa  region  and  detailed 
descriptions. 

Pennsylvania  fossils  were  found  on  South  Fork 
of  Purgatoire  River  with  red  sandstone  above  and 
below  them  (p.  223). 

Conglomerate  [the  basal  conglomerate  of  the 
Raton  formation]  is  shown  in  a  section  measured 
in  Vermejo  Canyon  (p.  249). 

A  detailed  section  is  given  of  the  coal  measures 
in  the  hogback  1  mile  north  of  Vermejo  Gap 
(pp .  258-259) .  The  coal-bearing  rocks  are  shown  to 
be  about  213  feet  thick  with  12  beds  of  coal  3  inches 
or  more  in  thickness .  The  highest  sandstone  of  the 
section  [obviously  the  basal  conglomerate  of  the 
Raton  formation]  is  correlated  [erroneously]  with 
the  cliff-making  sandstone  above  the  coal  beds  in 
Vermejo  Canyon  near  Dawson. 
90.  Stevenson,  J.  J.,  U.  S.  Geog.  Surveys  \V.  100th  Mer., 
atlas,  1881.  For  geology  of  New  Mexico  localities, 
see  atlas  sheets  Nos.  69  (B),  69  (D),  70  (A),  70  (C), 
77  (B),  78  (D). 

The  coal-bearing  rocks  are  mapped  as  Laramie 
and  the  shale  under  them  as  Colorado. 


1883. 

91.  Cope,  £.  D.,  The  Tertiary  formation  of  the  central 

region  of  the  United  States:  Am.  Naturalist,  vol. 
16,  pp.  177,  195,  pi. 

The  coal  beds  near  Gallinas  Mountains,  N .  Mex., 
are  mentioned  (p.  180)  and  a  section  farther  north 
including  the  coal  measures  near  the  Colorado- 
New  Mexico  line  is  described  (p.  181).  (See  also 
U.  S.  Geol.  and  Geog.  Survey  Terr.  [Seventh]  Ann. 
Rept.,  1875,  opp.  p.  189.) 

92.  Stevenson,  J.  J.,  Notes  on  the  coal  field  near  Canyon 

City,  Colorado:  Am.  Philos.  Soc.  Proc.,  vol.  19, 
pp.  505-521,  1882.  Abstract  in  Am.  Jour.  Sd., 
3d  ser.,  vol.  23,  p.  152. 

Several  detailed  geologic  sections  and  a  gen- 
eralized section  showing  the  occurrence  of  13  beds 
of  coal  are  given.  Palm  leaves  were  found  in  the 
shaft  of  the  Rockvale  mine  between  Halymenitet- 
bearing  sandstones  (p.  511).  The  record  of  a  bore 
hole  is  given,  showing  six  beds  of  coal  below  the 
sandstone,  herein  named  Rockvale  sandstone. 

>  Reference  is  made  to  the  Trinidad  and  Cerrillos 
coal  fields. 

1883. 

93.  Lesquereux,  Leo,  Contributions  to  the  foaail  flora  of 

the  western  Territories;  part  3,  The  Cretaceous 
and  Tertiary  floras:  U.S.  Geol.  Survey  Terr.  Rept., 
vol.  8,  xii,  283  pp.,  59  pb.,  4°. 

Lists  and  descriptions  of  fossil  plants  from  the 
Cerrillos,  Raton,  Mesa,  and  other  coal  fields  are 
given  (pp.  115-126). 

94 .  White  ,  C  .  A . ,  Late  observations  concerning  the  moUua- 

can  fauna  and  the  geographical  extent  of  the 
Laramie  group:  Am.  Jour.  Sd.,  3d  ser.,  vol.  25, 
pp.  207-209. 

Fossil  shells  occurring  between  Mexico  and  the 
Saskatchewan  are  described.  The  author  criti- 
cizes a  statement  regarding  the  molluscan  fauna 
of  the  Laramie  in  Geikie's  textbook  and  throws 
doubt  on  Stevenson's  observations  that  marine 
fossils  were  collected  from  the  Laramie. 


1884. 

95.  Cope,  E.  D.,  The  Vertebrata  of  the  Tertiary  forma- 

tions of  the  West:  U.S.  Geol.  Survey  Terr.  Rept., 
voL  3,  XXXV,  1009  pp.,  75  pis,  4°.  Reviewed  in 
Science,  vol.  6.  pp.  467-469,  1885. 

In  the  table  of  formations  Puerco  and  Laramie 
are  included  under  post-Cretaceous  (p.  42), 
although  it  is  stated  (p.  4)  that  the  Puerco  belongs 
to  the  **Tertiar>'  rather  than  the  post-Cretaceous"; 
and  Fox  Ilills  is  used  as  a  group  name  to  include 
the  Pierre  and  Fox  Hills  proper.  A  cross  section 
west  of  Gallinas  Mountains  is  given,  showing 
"lignite"  below  the  so-called  Fox  HlUs. 

96.  Emmons,  S.  F.,  Address  of  the  president  (sketch  of 

geology  of  the  Rocky  Mountain  district):  Colo- 
rado Sci.  Soc.  Proc.,  vol.  1,  pp.  3-12. 


INTRODUCTION. 


1885. 

96.  Cope,  E.  D.,  Relations  of  the  Puerco  and  Laramie  de- 
posits: Am.  Naturalist,  vol.  19,  pp.  985-986. 

Observrations  from  Da /id  Bp  Id  win's  notes  are 
quoted,  supplementing  previous  observations  by 
the  writer  and  others.  The  Laramie  (so-called) 
is  said  to  overlie  the  Fox  Hills,  to  be  2,000  feet 
thick  at  Animas  City,  N.  Mex.,  and  to  contain 
characteristic  dinosaurs.  The  Puerco  is  said  to 
overlie  the  Laramie  with  apparent  conformity  but 
is  faunally  distinct.  It  is  sometimes  included 
"with  the  Laramie  in  post-Cretaceous  series." 

97.  DuTTON,  C.  E.,  Mount  Taylor  and  the  Zuni  plateau: 

U.  S.  Geol.  Survey  Sixth  Ann.  Rept.,  pp.  105- 
198,  pis.  11-12.  Abstracts  in  Am.  Jour.  Sci.,  3d 
ser.,  vol.  34,  pp.  155-157,  1887.  Science,  vol.  10, 
pp.  317-318,  1887. 

98.  Emmons,  S.   F.,   Geological  sketch  of  the  Rocky 

Moimtain  division:  Tenth  Census,  vol.  13,  sta- 
tistics and  technology  of  the  precious  metals,  pp. 
60-104,  4°. 

99.  Savaqe,  J.,  Notes  on  the  geology  of  the  Spanish 

Peaks:  Kansas  Acad.  Sci.  Trans.,  vol.  9,  pp. 
113-114. 

100.  Stevenson:  J.*  J.,  Some  notes  respecting  metamor- 

phism:  Am.  Philos.  Soc.  Proc.,  vol.  22,  pp.  161- 
16G.  Abstract  in  Am.  Jour.  Sci.,  3d  ser.,  vol.  29, 
p.  414. 

Brief  reference  is  made  to  the  anthracite 
coal  of  Placer  Mountain  (Cenillos  field)  and  to 
the  metamorphosed  coal  near  Trinidad  and  near 
Raton  (p.  166).  Several  sections  are  given  of 
the  Raton  coal  bed. 

101.  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie 

group:  U.  S.  Geol.  Survey  Sixth  Ann.  Rept., 
pp.  399-557,  pis.  31-65.  Abstracts  in  Am.  Nat- 
uralist, vol.  21,  pp.  1011-1012, 1887.  Am.  Geolo- 
gist, vol.  2,  pp.  56-58, 1888.  Review  in  Science, 
vol.  10,  pp.  150-151,  1887. 

A  historical  review  of  opinion  regarding  the 
Laramie  is  given.  A  list  of  fossil  plants  includes 
some  from  the  Raton  Mesa,  region. 

1886. 

102.  White,  C.  A.,  On  the  relation  of  the  Laramie  mollus- 

can  fauna  to  that  of  the  succeeding  fresh-water 
Eocene  and  other  groups:  U.  8.  Geol.  Survey 
Bull.  34,  pp.  391-442, 5  pis.  Abstract  in  Science, 
vol.  10,  pp.  126-127,  1888.  Pop.  Sci.  Monthly, 
vol.  33,  p.  420,  1888. 

The  relation  of  Laramie  (so-called)  and  Puerco 
is  discussed  and  some  of  the  invertebrates  from 
the  Puerco  near  Nacimiento  are  described. 

1887. 

103.  Lbsquereux,  Leo,  Prof.  L.  F.  Ward's  synopsis  of 

the  flora  of  the  Laramie  group:  Am.  Jour.  Sci., 
3d  ser.,  vol.  34,  pp.  487-488. 

104.  RiOQS,  R.  B.,  "Natural  coke"  from  Puigatory  Canon, 

N.  Mex.  (Colo.):  In  U.  S.  Geol.  Sur\'ey  Bull.  42, 
p.  147. 


1888. 

105.  Ihlseno,  M.  C,  Report  on 

County:  Colorado  School  c 
work  and  analyses,  1886,  p 

1889. 

106.  Hills,  R.  C,  The  recently  dis 

of  the  Huerfano  River  hi 
rado  Sci.  Soc.  Proc.,  vol.  3 

107.   Address:  The  field  for 

Rocky  Mountains:  Colora 
vol.  3,  pp.  16^-184. 

109.  Stevenson,  J.  J.,  The  Mesoz 

Colorado  and  northern  Ne^ 
gist,  vol.  3,  pp.  391-397. 

The  coal-bearing  rocks 
Trinidad,  Raton,  and  Ga 
fields  are  referred  to  the  L 
Rocks  of  Fox  Hills  age  a 
below  the  coal  near  Canoi 
Colo.,  but  to  thin  out  farthe 
'^  supposed  to  be  absent "  i 

110.  Ward,  L.  F.,  The  geographica 

plants:  U.  S.  Geol.  Survej 
pp.  663-960,  pi.  Ixi. 
Colorado  and  New  Mexi( 
The  discoveries  of  fossi 
Puerco,  Cerrillos,  Raton  ] 
fields  are  reviewed. 

1890. 

111.  Cope,  E.  D.  [Remarks  on  the 

components  of  the  Laram 
America  Bull.,  vol.  1,  p.  I 
vol.  24,  p.  569. 

The  Puerco,  containing 
mammalia,  "  is  said  to  restc 
also  contains  some  manm] 
Cretaceous  age. 

112.  Emmons,  S.  F.,  Orographic  mo^ 

Mountains:  Geol.   Soc.   An 
pp.  245-286.    Abstract  in 
24,  pp.  211-212. 

**l  have  laid  stress  upon 
movement  at  the  close  of  t 
mie  in  the  Rocky  Mountaii 
to  protest  against  what  see 
among  those  who  are  stud> 
of  the  region  to  give  little  w 
neglect  it  altogether,  in  tV 
horizons.  It  is  unqucstion 
important  events  in  the  oi 
the  entire  Cordilleran  syste 
tion  of  the  great  unconf( 
Archsean  and  all  overlying 
no  movement  has  left  such 
that  which  followed  the  d< 
bearing  rocks  to  which  the : 
universal  consent  been  app 

113.  Colorado:  Macfarlane's  ( 

2d  ed.,  pp.  289,  297-308. 
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125. 


126. 
127. 


114.  Hnxs,  R.  C,  Additional  note  on  the  Huerfano  beds:     122. 

Colorado  Sci.  Soc.  Proc,  voL  3,  pp.  217-223. 
116.  Additional  notes  on  the  eruptions  of  the 

Spanish  Peaks  r^ion:  Colorado  Sci.  Soc.  Proc.,     123. 

vol.  3,  pp.  224-227. 

116.  Newberry,  J.  S.,  The  Laramie  group,  its  geologic 

relation,  its  economic  importance,  and  its  fauna 
and  flora:  New  York  Acad.  Sci.  Trans.,  vol.  9,  pp. 
27-32.  Abstract  (by  author)  in  Geol.  Soc.  America 
BuU.,  vol.  1,  pp.  524-527,  527-528,  with  discus-  124. 
aion  by  J.  B.  Tyrrell.  L.  F.  Ward,  J.  J.  Stevenson, 
and  E.  D.  Cope,  pp.  527-532.  Other  abstracts  in 
Am.  Geologist,  vol.  5,  p.  118;  Am.  Naturalist, 
vol.  24,  pp.  856-857.  • 

Casual  reference  is  made  to  southern  Colorado 
and  northern  New  Mexico  coal  fields. 

A  discussion  of  the  Laramie  problem  is  given, 
in  which  it  is  shown  that  confusion  has  arisen 
from  grouping  together  formations  of  totally 
different  age. 

"Much  undeserved  discredit  has  »  ♦  * 
fallen  upon  the  remains  of  plants  as  criteria  of  the 
age  of  strata  and  much  mischief  and  confusion 
have  followed  the  error  of  Dr.  Hayden  in  uniting 
with  the  Laramie  the  totally  distinct  and  inde- 
pendent Fort  Union  formation''  (p.  28). 

117.  Stevenson,  J.  J.  [Remarks  on  the  differentiation  of 

the  Colorado  group  in  Colorado  and  New  Mexico]: 
Geol.  Soc.  America  Bull.,  vol.  1,  p.  532.  Am. 
Naturalist,  vol.  24,  pp.  568-569.  Discussion  of 
paper  by  J.  S.  Newberry  on  "The  Laramie 
group." 

Reference  is  made  to  the  Canon  City,  Raton 
Mesa,  and  central  New  Mexico  coal  fields.  The 
writer  states  that  the  Fox  Hills  thins  out  to  the 
south  in  New  Mexico,  but  that  the  other  Creta- 
ceous formations  pontinue  around  the  mountains 
to  the  Rio  Grafide.  [These  formations  are  not 
known  to  exist  over  a  laige  area  at  the  southern 
end  of  the  mountains,  and  although  they  may 
have  been  continuous  at  one  time,  they  are  far 
from  being  continuous  now.] 

118.  Van  Diest,  P.  H.,  Remarks  on  the  plication  of  the 

coal   measures  in    southeastern    Colorado    and 
northeastern  New  Mexico:  Colorado  Sci.   Soc.     ^^^• 
Proc,  vol.  3,  pp.  185-190. 

Some  of  the  structural  features  of  the  Raton 
coal  field  are  described  and  the  presence  of 
"nutlike  lumps  of  coal''  in  the  basal  conglomer- 
ate of  what  is  now  known  as  the  Raton  formation 
near  Vermejo  Park  is  annoimced. 

119.  Ward,  L.  F.  [Remarks  on  the  age  of  the  Laramie 

group]:  Geol.  Soc.  America  Bull.,  vol.  1,  pp. 
529-532.  Am.  Naturalist,  vol.  24,  pp.  564-568. 
Discussion  of  paper  by  J.  S.  Newberry  on  "The 
Laramie  group.'' 

1891. 

120.  Eldridoe,  G.  H.,  The  Florence  oil  fields,  Colorado: 

Eng.  and  Min.  Jour.,  vol.  52,  p.  422. 

121.  Hills,  R.  C,  Orographic  and  structural  features  of     131. 

Rocky  Mountain  geolog}':  Colorado  Sci.  Soc. 
Proc.,  vol.  3,  pp.  362-458,  pi.  i 


128. 


129. 


Hills,  R.  C,  Types  of  past  eruptions  in  the  Rocky 
Mountains:  Colorado  Sci.  Soc.  Proc.,  vol.  4,  pp. 
14-32. 

Address  of  the  retiring  president:  Colorado 

Sci.  Soc.  Proc.,  vol.  3,  pt.  3,  pp.  359-458. 

For  *'the  Laramie  movement,"  see  p.  380. 
Among  the  post-Laramie  beds  are  included  the 
Poison  (^anyon  of  the  Raton  Mesa  region  and  the 
conglomeratic  sandstones  of  the  Canon  City  field. 

Lakes,  Arthur,  The  fuel  resources  of  Colorado:  Am. 
Geologist,  vol.  8,  pp.  7-19. 

1892. 

Cross,  Whitman,  Post-Laramie  deposits  of  Colorado: 
Am.  Jour.  Sci..  3d  ser..  vol.  44.  pp.  19-42. 

The  Denver  and  Arapahoe  formations  are 
described  as  separated  from  the  Laramie  by  a 
long  period  of  important  orographic  disturbances 
(p.  20).  "Great  angular  unconformity  exists 
between  the  Laramie  and  the  Poison  Canyon 
beds"  (p.  21).  The  conglomeratic  beds  of  the 
Canon  Citv  field  are  correlated  with  the  Denver 
and  Arapahoe  (p.  25).  The  Animas  formation 
near  Durango  is  described  among  the  post-Lara- 
mie formations  (pp.  25-27). 

Eldridge,  G.  H.,  The  Florence  oil  field,  Colomdo: 
Am.  Inst.  Min.  Eng.  Trans.,  vol.  20,  pp.  44^-462. 

Hills,  R.  C,  Coal  fields  of  Colorado:  U.  S.  GeoL 
Survey  Mineral  Resources,  1892,  pp.  319-365^ 
1893. 

1893. 

Emmons,  S.  F.,  Excursion  to  the  Canyon  of  the  Colo- 
rado— Itinerary,  Denver,  Colo.,  to  Albuquerque^ 
N.  Mex.:  Cong.  g^l.  intemat.,  5th  8ess.,Compt. 
rend.,  pp.  464-468. 

The  reference  of  the  coal  beds  near  Ortiz  in  the 
Cerrillos  field  to  the  Laramie  is  accepted.  Coal 
measures  of  the  Raton  Mesa  fields  are  referred  to. 

Idem,  Itinerary,  Canyon  City  to  Colorado- 
Springs,  Colo.:  Cong.  g^l.  intemat.,  5th  sess.^ 
Compt.  rend.,  pp.  42^^29. 

Describes  the  geology  along  the  railroad  be* 
tween  these  points. 

Knowlton,  F.  II.,  Annotated  list  of  fossil  plants  of 
the  Bozeman,  Mont.,  coal  field,  with  table  of  dis- 
tribution and  description  of  new  species:  The 
Laramie  and  the  overhnng  Livingston  formation 
in  Montana:  U.  S.  Geol.  Survey  Bull.  105,  pp. 
43-63,  pis.  v-vi.  Abstracts  in  Am.  Jour.  Sci.,  3d 
ser.,  vol.  44,  p.  334,  1892;  Washington  Biol.  Soc. 
Proc,  vol.  7,  pp.  153-154,  1892. 

The  localities  and  the  collectors  of  the  material 
on  which  the  paper  is  leased  are  mentioned.  A 
list  of  species  and  descriptions  of  new  species  are 
given,  also  a  table  showing  their  geologic  distri- 
bution. Brief  reference  is  made  to  the  Laramie 
(so-called)  of  the  Raton  Mesa  region. 

1894. 

Hollick,  Arthur,  A  now  fossil  Nelumbo  from  the 
Laramie  group  at  Florence,  Colo.:  Torrey  Bot. 
Club  Bull.,  vol.  21,  pp.  307-310. 


INTKODUCTION. 


1895. 

132.  OsBORN,  H.  F.,  and  Earle,  Charles,  Fossil  mam- 

mals of  the  Fuerco  beds:  Am.  Mus.  Nat.  Hist. 
Bull.,  vol.  7,  pp.  1-70,  figs.  1-21. 

The  coal  beds  below  the  Puerco  are  assumed  to 
be  Laramie,  and  the  Puerco  is  said  to  contain 
"several  Laramie  reptiles"  (p.  4). 

1896. 

133.  Emmons,  S.  F.,  Gross,  Whitman,  and  Eldrioge, 

G.  H.,  Geology  of  the  Denver  Basin  in  Colorado: 
U.  S.  Geol.  Survey  Mon.  27,  1896. 

134.  Stevenson,  J.  J.,  The  Cerrillos  coal  fields  near  Santa 

Fe,  New  Mexico:  New  York  Acad.  Sci.  Trans., 
vol.  15,  pp.  105-122.  Abstracts  in  Geol.  Soc. 
America  Bull.,  vol.  7,  pp.  525-527;  Science,  new 
ser.,  vol.  3,  pp.  392-394. 

The  stateinent  is  reiterated  that  the  Fox  Hills 
of  the  Rocky  Mountain  region  is  not  represented 
in  this  area  and  the  coal  beds  are  assumed  to  be 
Laramie  (p.  111).  Sections  of  the  coal-bearing 
rocks  are  given,  the  characteristics  of  the  coal  are 
described,  and  several  analyses  of  the  coal  are 
given.  The  metamorphosis  of  the  bituminous 
coal  into  anthracite  is  discussed. 

1887. 

135.  Fleming,  J.  W.  [Coal  mines  of  New  Mexico]:  Rept. 

Governor  of  New  Mexico  to  Secretary  o^  Interior, 
Washington,  1897,  pp.  91-115. 

The  report  contains  a  geologic  section  of  the 
rocks  exposed  near  Madrid  in  the  Cerrillos  coal 
field.  Coal  mines  in  northern  New  Mexico,  near 
Monero,  are  referred  to. 

1898. 

136.  Fleming,  J.  W.  [Coal  mines  of  New  Mexico]:  Rept. 

of  Governor  of  New  Mexico  to  Secretary  of  Inte- 
rior, Washington,  1898,  pp.  56-86. 

The  report  contains  a  geologic  section  of  rocks 
exposed  near  Madrid  in  the  Cerrillos  coal  field. 
The  mines  at  Monero  are  described,  where  three 
beds  of  coal  ranging  in  thickness  from  3  feet  6 
inches  to  3  feet  10  inches  have  been  opened. 

137.  Hose  A,  R.  M.,  Anthracite  in  the  Rockies:  Mines  and 

Minerals,  vol.  18,  pp.  529-533,  5 figs.;  vol.  19,  pp. 
7-9,  2  figs. 

138.  Herrick,  C.  L.,  The  geology  of  the  San  Pedro  and  the 

Albuquerque  districts  [N.  Mex.]:  Dcnison  Univ. 
Sci.  Lab.  Bull.,  vol.  11,  pp.  93-116,  pi.  13. 

The  coal-bearing  rocks  outcropping  on  the 
Rio  Puerco  (p.  97)  and  those  of  the  Tijeraa  field 
(pp.  108-109)  are  described  as  Cretaceous. 

The  coal  beds  of  the  Cerrillos  field  at  Waldo, 
Madrid,  and  Omera  are  briefly  mentioned  (p. 
112).  A  sketch  map  of  the  geologic  formations 
accompanies  the  paper. 

139.  Newberry,  J.  S.,  The  later  extinct  floras  of  North 

America;  edited  by  Arthur  HoUick:  U.  S.  Geol. 
Survey  Mon.  35,  151  pp.,  pis.  1-58. 

Descriptions  of  fossil  plants  from  the  Raton 
Mesa  and  Canon  City  coal  fields  are  included. 


140.  Spencer,  A.  C,  The  Upper  C 

southwestern  Colorado:  Abs 
ser.,  vol.  7,  p.  143. 

The  statement  is  made  th 
"comes  a  series  of  shales,  ki 
Benton,  Niobrara,  and  a  par 
can  not  be  divided  on  lithe 
upper  part  of  the  section 
massive  sandstones  in  whici 
equivalent  and  that  of  the  L; 
be  present.'*  No  mention 
later  named  Lewis. 

1809. 

141.  Cross,  Whitman,  U.  S.  Geol. 

La  Plata  folio  (No.  60). 

The  coal-bearing  rocks  of 
rangle  in  southwestern  Coloi 
the  Mesaverde  formation  a 
Mancos  shale  and  overlain 
latter  about  2,000  feet  thi« 
occurrence  of  coal-bearing  re 
is  noted,  but  doubt  is  cast  up 
their  reference  to  the  Laram 
The  lower  part  of  the  Mar 
tains  the  following  character 

Gryphaea  newberryi. 

Ostrea  lugubris. 

Ostrea  congesta. 

Inoceramus  labiatus. 

Inoceramus  fragilis. 

Inoceramus  dimidius. 

Prionocyclus  macomb 

Baculites  gracilis. 

Scaphites  warreni. 

Anatina  sp? 

Plicatula  n.  sp. 
The  upper  part  of  the  B 
following  Pierre  fossils  [Th< 
amined  bv  T.  W.  Stanton 
below  was  prepared  by  him 
in  the  La  Plata  folio]: 

Inoceramus  barabini ! 

Inoceramus  sagensis  ( 

Inoceramus  sp. 

Sjmcyclonema  rigida 

Scaphites  sp. 

Baculites  asper  Morto 

Baculites  ovatus  Say 

Baculites  sp. 

Arcasp.  (?) 

Turritella  sp. 

142.  Fleming.  J.  W.  [Coal  mines  of  '. 

of  Governor  of  New  Mexicc 
terior,  Washinj^ton,  1899,  pp 
The  coal  mines  near  Mac 
field  are  described  and  the 
the  coal  beds  shown  by  coli 
mines  at  Monero  are  also  dc 

143.  Hills,  R.C..  U.S.  Geol.  Survey 

foUo  (No.  58). 
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A  part  of  the  Trinidad  coal  field  is  deecribed. 
The  coal-bearing  rocks  are  all  referred,  without 
statement  of  reasons,  to  the  Laramie,  the  Trini- 
dad sandstone  to  the  Fox  Hills,  and  the  shale 
beneath  it  to  the  Pierre. 

144.  Lakbs,  Arthur,  Coal  fields  of  Colorado:  Mines  and 

Minerals,  vol.  19,  pp.  541-543,  4  figs. 

1900. 

145.  Fleming,  J.  W.,  Report  of  the  mine  inspector  for  the 

Territory  of  New  Mexico:  Rept.  of  Governor  of 
New  Mexico  to  Secretary  of  Interior,  Washing- 
ton, 1900,  pp.  279-314. 

146.  Herrick,  C.  L.,  and  Johnson,  D.  W.,  The  geolog>' 

of  the  Albuquerque  sheet  [New  Mexico]:  Denison 
Univ.  Sci.  Lab.  Bull.,  vol.  11,  art.  9,  pp.  175- 
239,  pis.  27-58.  New  Mexico  Univ.  Hadley 
Lab.  Bull.,  vol.  2,  pt.  1,  pp.  1-67,  32  pb.,  col- 
ored geologic  map  in  pocket;  (a)  p.  177. 

A  gastropod  zone  is  described  as  occurring 
about  40  feet  above  the  Dakota  sandstone,  fol- 
lowed upward  by  the  Tres  Hermanos  sandstone 
and  by  a  concretion  zone  which '  'abounds  in  laxge 
ammonite  shells  and  large  species  of  Pinna  and 
Baculites*'  (pp.  187-188).  This  zone  was 
recognized  near  Cabezon.  about  20  miles  to  the 
northwest,  and  near  Una  de  Gato  (Uagan  field), 
about  30  miles  to  the  east.  These  three  zones 
are  close  together,  and  from  them,  in  the  Rio 
Puerco,  Ilagan,  and  Tijeras  fields,  the  following 
foedls  were  collected: 

Ostrea  translucida  Meek  and  Hayden. 

Exogyra  laeviuscula  Roemer. 

£xog\Ta  columbella  Meek. 

Mactra  ?  subquadrata  Herrick  and  Johnson . 

Tapes  cyrimeriformis  Stanton. 

Caryates  veta  Whitfield. 

Pholadomya     subventricoea   Meek     and 
Hayden. 

Liopistha  concentrica  Stanton. 

Camptonectes  symmetricus  Herrick  and 
Johnson. 

Dosinia  sp. 

Chemnitzia  sp. 

Sigaretus  textilis  Stanton. 

Baculites  gracilis  Shumard? 

Prionotropis  woolgari  Mantell. 
A  thick  shale  [the  principal  part  of  the  Mancos 
shale]  occurs  above  the  concretion  zone,  but 
its  thickness  is  not  given.  Apparently  the  space 
occupied  by  it  is  represented  by  the  hiatus  in 
the  section  from  east  of  Prieta  Mesa,  given  in 
plate  22.  [Johnson  has  stated  personally  to  the 
present  writer  that  the  shale  between  the  ''con- 
cretion zone*'  and  the  **cephalopod  zone**  was 
roughly  estimated  at  1,000  feet.]  A  cephalopod 
zone  is  stated  to  occur  about  100  feet  from  the 
top  of  this  shale.  [The  present  writer  found  this 
zone  to  be  about  300  feet  from  the  top],  and 
above  it  the  Punta  de  la  Mesa  sandstone  (the 
basal  member  of  the  yellow  sandstones  described 
as  the  "Prieta  series"),  now  known  to  be  a 
member  of  the  Mancos  shale.  These  sandstones, 
together  with  the  cephalopod  zone,  were  regarded 


as  Fox  Hi  Us.    From  them  the  following  fossils 
were  collected: 

Ostrea  lugubris  Conrad. 

Ostrea  sannionensis  White. 

Gryphaea  vesicularis  Lamarck. 

Inoceramus  fragilis  Hall  and  Meek. 

Pinna  petrina  TMiite. 

RostelLites  ambigua  Stanton. 

Buchiceras  swallo\i  Shumard. 

Sphenodiscus  lenticularis  Owen. 

Placenticeras  placenti  De  Kay. 

Placentlceras  costata  Herrick  and  Johnson. 

Pholadomya  subventricoea. 

Scaphites  nodosus  Meek  and  Hayden. 

Scaphites  sp. 
The  upper  part  of  the  "Prieta  series**  contains 
marine  shells  said  to  be  of  Fox  Hills  age  and 
fossil  plants  "not  identifiable  with  familiar 
Laramie  species.**  The  following  fossils  were 
collected  from  these  coal-bearing  rocks  in  the 
Rio  Puerco,  Hagan,  and  Tijeras  fields: 

Ostrea  prudentia  White. 

Ostrea  franklini  Coquand? 

Exogyra  tcxana  Roemer. 

(?)  Exog>Ta  winchelli  White. 

Tellina  ?  perlata  Herrick  and  Johnson. 

Tellina  equilateralis  Meek. 

Idonearca  ?  depressa  White. 

Cardium  pauperculum  Meek. 

Cardium  sp. 

Legumen  ?  appressum  Conrad. 

Chemnitzia  coalvillensis  Meek. 

Gyrodes  depressa  Meek. 

Pyropsis  bairdi  Meek  and  Hayden. 

Rostellites  dalli  Stanton. 

Volutomorpha  ?  nova-mexicana  Herrick 
and  Johnson. 

Baculites  asper  Morton. 

Shark's  teeth. 

Plants. 
Tertiarv  beds  "with  remains  of  vertebrates 
which  we  presume  to  be  representatives  of  lower 
Tertiarj'  strata"  lie  stratigraphically  above  the 
coal-bearing  rocks  on  the  Rio  Puerco  (p.  17). 

147.  Herrick,  C.  L.,  Report  of  a  geological  reconnaissance 

in  western  Socorro  and  Valencia  coimties,  N.Mex. : 
Am.  Geologist,  vol.  25,  pp.  331-346,  pis.  8-^. 

This  paper  supplements  to  some  extent  the  in- 
formation given  in  the  description  of  the  Albu- 
querque sheet.  A  section  measiu*ed  east  of  Prieta 
Mesa  is  given  in  which  the  cephalopod  zone  is 
placed  only  about  100  feet  above  the  Tres  Herma- 
nos sandstone  (p.  338).  [This  cephalopod  zone 
seems  to  be  the  concretion  zone  of  Herrick  and 
Johnson.]  The  coal-bearing  sandstones  and 
shales  (Mesaverde  formation)  are  about  1,600  feet 
thick  and  are  overlain  by  Tertiary. 

148.  Hills,  R.  C,  U.  S.  Geol.  Survey  Geol.  Atlas,  Walsen- 

burg  folio  (No.  68). 

149.  Meade,  Frank,  Coal  mines  of  Pictou,  Colo.:  Mines 

and  Minerals,  vol.  21,  pp.  1-3,  2  figs. 

The  coal  beds  are  referred  to  as  I^Aramie  and 
contain  numerous  fossil  plants.  A  cross  section 
of  the  rocks  is  given  which  is  significant  in  show- 
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ing  a  diecrepancy  in  dip  between  the  coal  beds 
and  the  overlying  sandstone,  although  the  signi- 
ficance of  this  relation  is  not  explained. 

1001. 

150.  Herrick,  C.  L.,  Applications  of  geology  to  economic 

problems  in  New  Mexico:  Intemat.  Min.  Cong. 
Proc.,  4th  sess.,  pp.  61-64. 

Attention  is  called  to  the  fact  that  some  of  the 
New  Mexico  coal-bearing  rocks  formerly  supposed 
to  be  Laramie  contain  Ostrea  glabra  and  are  over- 
lain by  marine  Cretaceous  beds  "with  fossils 
like  those  of  the  upper  Fox  Hills  group  "  (p.  64). 

151.  Hills,  R.  C,  U.  S.  Geol.  Survey  Geol.  Atlas,  Spanish 

Peaks  folio  (No.  71). 

For  geology,  see  Elmoro  folio.  [The  Morley 
coal  is  placed  in  the  section  about  800  feet  above 
the  base  of  what  is  called  Laramie  in  the  folio, 
whereas  the  coal  at  Morley  is  now  known  to  be 
the  lowest  bed  of  the  Vermejo  formation  elevated 
by  a  local  dome.  This  coal  seems  to  have  been 
correlated  with  beds  which  in  other  places  occur 
near  the  middle  of  the  coal  measures.] 

152.  Lakes,  Arthur,  The   Cerrillos  anthracite   mines: 

Mines  and  Minerals,  vol.  21,  pp.  341-342. 

153.  The  geology  of  the  oil  fields  of  Colorado: 

Colorado  School  of  Mines  Bull.,  vol.  1,  pp.  221- 
226. 

154.  Sheridan,  J.  E.,  Report  of  the  mine  inspector  for 

the  Territory  of  New  Mexico:  Rept.  of  Governor 
of  New  Mexico  to  Secretary  of  Interior,  Wash- 
ington, pp.  309-351. 

1002. 

155.  Lakes,  Arthur,  The  Spanish  peaks;  coal  region  in 

southern  Colorado;  an  illustration  of  the  ejects 

of  volcanic  action  on  coal  seams:  Mines  and 

Minerals,  vol.  22,  pp.  463-464,  4  figs. 
156. The  coal,  graphite,  and  oil  fields  of  Raton, 

N.  Mex;  the  location  and  geological  character; 

the  coal  mines:   Mines  and   Minerals,  vol.  22, 

pp.  350-352,  5  figs. 
157.  Lbb,  W.  T.,  Note  on  the  Carboniferous  of  the  Sangre 

de  Cristo  Range,  Colo.:  Jour.  Geology,  vol.  10, 

pp.  392-396. 
The  Morrison  shales  of  southern  Colorado  and 


158. 


159. 


northern  New  Mexico:  Jour.  Geology,  vol.  10, 
pp.  36-58,  7  figs.;  (a)  p.  44;  (b)  p.  45. 

The  Exeter  sandstone  is  named  and  described 
in  this  paper. 

Canyons    of    southeastern    Colorado:    Joiur. 


Geography,  vol.  1,  pp.  357-370,  12  figs. 

Includes  sections  of  the  strata  cut  by  some  of 
the  canyons  described. 
160.  Storrs,  L.  S.,  The  Rocky  Mountain  coal  fields: 
U.  S.  Geol.  Survey  Twenty-second  Ann.  Rept., 
pt.  3,  pp.  415-471,  2  pis.,  1  fig. 

The  coal  beds  of  the  San  Juan  Basin  and  of 
the  Cerrillos  and  Hagan  fields  are  referred  to  the 
Laramie  and  the  eoal  of  the  latter  two  is  said  to 
lie  "imder  the  Tertiary  beds.'* 


1003. 

161.  Johnson,  D.  W.,  The  geology  of  the  Cer 
New  Mexico;  Part  I,  General  geolog 
Paleontology;  Part  III,  Petrography 
Mines  Quart.,  vol.  24,  pt.  1,  pp.  303- 
7  figs.;  pp.  456-500,  10  pis.,  6  figs.,  '. 
pp.  173-246,  14  pis.,  1903;  vol.  25, 
69-98,  5  pis.,  1904;   (a)  p.  339,  fig.  5. 

The  report  results  from  the  work  do 
1902. 

"Among  others,  the  following  prop 
supported.    *    *    * 

"The     *     *     *     Santa    Fe    mark 
den    *    *     ♦    represent   the    time 
early  Loup  Fork  Tertiary  to  the  Recei 

"The  Galisteo  group  of  Hayden 
red  beds  of  late  Cretaceous,  probabl 
age.    *    ♦    * 

"The  coal  series,  or  Madrid  group 
Hills  age. 

"Fort  Pierre,  Fort  Benton,  and 
Dakota  and  Jura-Triassic  beds  are  a 
in  the  district"  (vol.  24,  p.  306). 

The  Galisteo  sandstone  is  referred 
to  the  Laramie  and  is  described  a* 
of  red  sedimentary  rocks  similar  lithe 
the  older  "Red  Beds"  and  lying  c 
[(?)  see  discussion  on  this  point  in 
paper]  upon  the  beds  called  Madrid 
(Mesaverde  formation  of  the  presc 
They  contain  fossil  wood  which,  at 
F.  H.  Knowlton,  indicates  a  species 
and  is  evidently  of  Upper  Cretacec 
age  (vol.  24,  pp.  336-338). 

The  "Madrid  coal  group"  is  des< 
338-344)  as  1,500  to  2,000  feet  thick 
is  said  to  be  in  the  lower  part  of  th 
The  author's  figure  5  makes  the  1 
"group"  rest  upon  the  lowest  sheet 
igneous  rock  at  Madrid,  and  place 
below  this  sheet  in  the  Pierre.  [' 
place  in  the  Pierre  below  the  "^ 
group"  a  considerable  thickness  oi 
and  several  thin  beds  of  coal  whicl 
belong  in  the  "Madrid"  (Mesaverd 
bearing  formation.]  The  base  of  the 
is  obviously  drawn  but  little  belo^ 
that  have  been  mined,  for  the  ^ 
(p.  340)  that  "the  coal  in  the  lowei 
Madrid  group  has  proven  of  great 
geologists,  and  so  many  references 
made  to  it,"  etc. 

The  Pierre  is  described  as  consist 
and  sandstone  (pp.  344-347).  A  sect 
places  162  feet  of  sandstone  abcv 
shale  (Mancos)  in  the  Pierre. 

No  undoubted  Niobrara  was  fbui 
Benton  and  Dakota  are  reported  (p. 

The  economic  features  of  the  coal  ai 
(pp.  477-493).  Fossil  plants,  id< 
Knowlton  (p.  178,  Paleontology)  as 
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noidts  Knowlton,  Ficus  uncata  Lesquereux, 
Qtiercusf  sp.,  and  Araliat  sp.  were  found  above 
the  highest  coal  bed  east  of  Madrid. 

In  some  places  fossils  characteristic  of  the 
Colorado  and  Montana  groups  seem  to  occur 
together  (p.  182). 

The  following  faunas  of  the  Cerrilloe  region  are 

described : 

Pierre  faurya. 

Lingula  subspatulata  Hall  and  Meek. 

Ostrea  anomioides  var.  nanus  Johnson. 

?08trea  congesta  Conrad. 

Inoceramus  simpsoni  Meek. 

Inoceramus  vanuxemi  Meek  and  Hay  den. 

Inoceramus  balchii  Meek  and  Uayden. 

Inoceramus  cripsi  var.  barabini  Morton. 

Inoceramus  irregularis  Johnson. 

Inoceramus  sp. 

Endocostea  typica  Whitfield. 

Endocostea  brooksi  Johnson: 

Area  madridensis  Johnson. 

Trigonarca  obliqua  Meek. 

Nucula  subplana  Meek  and  Hayden. 

Astarte  evansi  (Hall  and  Meek)  Wliitfield. 

Protocardia  rara  Evans  and  Shumard. 

Cyprimeria?  sulcata  Johnson. 

Solen  cuneatus  Gabb. 

Corbula  nematophora  var.  fitchi  Johnson. 

Natica  sp. 

Turritella  galisteoensis  Johnson. 

Rostellaria?  texana  Conrad. 

Tritonium  kanabense  Stanton. 

Admetopsis?  elevata  Johnson. 

Helicoceras  pariense  White. 

Baculites  anceps  Lamarck. 

Baculites  sp. 

Placenticeras  placenta  De  Kay. 

Placenticeras?  sp. 

Placenticeras?  intermedium  Johnson. 

Placenticeras?  rotundatum  Johnson. 

Stantonoceras  guadaloupae  Roemer. 

Beryx  sp. 

Berdon  fauna. 

Ostrea  lugubris  Conrad. 

Inoceramus  fragilis  Hall  and  ^leek. 

Inoceramus  labiatus  Schlotheim. 
'  Inoceramus  dimidius  TMiite. 

Aucella  strongi  Johnson. 

Acmaea  cerillosensis  Johnson. 

Scurria  coniformis  Johnson. 

Rostellites  dalli  var.  wellsi  Johnson. 

Rostellites  ambigua  Stanton. 

Prionocyclus  wyomingensis  Meek. 

Prionocyclus  macombi  Meek. 

Prionocyclus  sp. 

Prionotropis  woolgari  Mantell. 

Scaphites  warreni  Meek  and  Hayden. 

Beryx  sp. 

Baculites  anceps  Lamarck. 
162.  Lakes,    Arthur,    The  Trinidad  or  El    Moro  coal 
region  of  Colorado:  Mines  and  Minerals,  vol.  23, 
pp.  254-256. 


163.  Lakes,  Arthur,  Aguilar  coal  and  oil  district;  a 

description  of  the  geology,  the  thickness  and 
quality  of  the  coal  veins,  and  the  indications  of 
oil :  Minesand  Minerals,  vol.  23,  pp.  196-198,4  figs. 

164.  Lee,   H.    A.,    Colorado:    Kept.  State  Bur.  Mines, 

1901-2,  310  pp.,  map,  Denver. 

165.  McLauqhun,  J.   E.,   Barela  Mesa  coal  field,  Colo- 

rado: Mines  and  Minerals,  vol.  24,  p.  139,  I  fig. 
The  author  describes  the  coal  measures  in 
the  eastern  part  of  the  Raton  Mesa  field  and 
gives  a  section  showing  ten  beds  of  coal,  nine 
of  which  are  3  feet  or  more  in  thickness.  Illus- 
trations are  given  of  the  irregularity  in  the 
thickness  of  the  coal. 

166.  Merriam,  L.  B.,  The  development  of  a  new  coal 

field  in  Colorado:  Western  Soc.  £ng.  Jour., 
vol.  8,  no.  6,  pp.  617-637. 

167.  Reaqan,  a.  B.,  Geology  of  the  Jemez-Albuquerque 

region,  New  Mexico:  Am.  Geologist,  vol.  31, 
pp.  67-111,  7  pis.  See  also  Indiana  Acad.  Sci. 
Proc.,  1902,  pp.  197-198. 

A  geologic  sketch  map  showing  the  distribu- 
tion of  the  formations  from  Cabezon  eastward  to 
Hagan  is  given. 

The  author's  Fox  Hills  includes  the  sandy 
rocks  below  the  coal;  and  the  coal-bearing  rocks, 
500  feet  thick,  are  described  as  ''Fort  Union  or 
Laramie"  (p.  79).  His  Fox  Hills  and  Fort 
Union  constitute  the  Fox  Hills  of  Herrick  and 
Johnson  and  the  Mesaverde  of  later  writers. 

The  colored  sediments  lying  unconformably 
on  the  coal-bearing  rocks  south  of  San  Isidro  (in 
the  Rio  Puerco  field)  are  referred  to  the  Fuerco 
(p.  81). 

1904. 

168.  HosEA,   R.  M.,  Tercio  and  Cuatro  mines.    A  de- 

scription of  the  coal  washing  and  coking  plants 
of  the  Colorado  Fuel  and  Iron  Company  at 
Tercio  and  Cuatro  [Colo.]:  Mines  and  Minerals, 
vol.  25,  pp.  218-223,  6  figs. 

169.  The  Primero  mines:  Mines  and  Minerals,  vol. 

24,  pp.  521-526. 

170.  Jones,   F.   A.,   New  Mexico  mines  and  minerals. 

World's  Fair  edition,  Santa  Fe,  N.  Mex.,  The 
New  Mexican  Printing  Co.,  349  pp.,  50  figs. 

171.  Keyes,  C.  R.,  Unconformity  of  the  Cretaceous  on 

older  rocks  in  central  New  Mexico:  Am.  Jour. 
Sci.,  4th  ser.,  vol.  18,  pp.  360-362,  2  figs. 

Cretaceous  sandstones  (2,000  feet  thick)  lying 
above  rocks  of  Montana  age  (presumably  the 
coal-bearing  sandstones  described  in  this  paper 
as  Mesaverde)  are  referred  to  the  Laramie. 

172.  The  Hagan  coal  field   [New  Mexico]:  Eng. 

and  Min.  Jour.,  vol.  78,  pp.  670-671,  3  figs. 

The  Hagan  coal  field  is  described  with  sketch 
maps  and  geologic  sections. 

A  detailed  section  is  given  of  the  coal-bearing 
rocks  measured  at  the  Hagan  mine,  in  which 
eight  beds  of  coal  occur.  Another  section  is 
given  as  measured  in  the  CoyotQ  field  (Sloan 
mine).  Four  analyses  of  the  Hagan  coal  are 
given  and  the  fuel  values  compared  with  those 
of  other  New  Mexico  coals. 
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173.  Lakes,  Arthur,  The  coal  fields  of  Colorado:  Colorado 

School  of  Mines  Bull.,  vol.  2,  no.  2,  pp.  11-23, 
2  figs. 

174.  The  Walsenburg  coal  district  of  Colorado: 

Abstract  in  Mines  and  Minerals,  vol.  24,  pp. 
339-341. 

175.  Sheridan,  J.  E.,  Annual  report  of  the  mine  inspector 

for  the  Territory  of  New  Mexico:  Ann.  Rept. 
U.  S.  Mine  Inspector  for  New  Mexico  Terr,  to 
Secretary  of  Interior,  1904,  79  pp. 


176. 


177. 
178. 

179. 
180. 
181. 
182. 

183. 

184. 

185. 


190A. 

Darton,  N.  H.,  Preliminary  report  on  the  geology 

and  underground-water  resources  of  the  central 

Great  Plains:  U.  S.  Geol.  Survey  Prof.  Paper  32, 

433  pp.,  72  pis.,  18  figs. 
Fenneman,  N.  M.,  The  Florence  (Oolo.)  oil  field: 

U.  S.  Geol.  Survey  Bull.  260,  pp.  436-440. 
JuDD,  £.  W.,  New  coal  developments  in  northern 

New  Mexico:  Eng.  and  Min.  Jour.,  vol.  80,  pp. 

300-301. 
Lakes,  Arthur,  The  Bocky  Mountain  coal  fields. 

Min.  Reporter,  vol.  51,  pp.  5-7,  2  figs. 
The  coal  field  of  Colorado:  Min.  Reporter, 

vol.  51,  pp.  73-74,  3  figs. 
Coal  along  the  eastern  foothills:   Min.  Re- 


porter, vol.  51,  pp.  127-128. 

—  The  geology  and  coal  deposits  of  the  Spanish 
Peaks  district:  Min.  Reporter,  vol.  51,  pp. 
184-185,  4  figs. 

—  Coals  of  the  southern  Colorado  or  the  Walsen- 


burg and  Trinidad  region:  Min.  Reporter,  vol. 
51,  pp.  234-235, 1  fig. 

Sketch  of  the  economic  resources  of  the  foot- 
hills of  the  front  range  of  Colorado :  Min.  Reporter, 
vol.  51,  pp.  522-524,  1  fig. 

The  Occidental  and    other   coal    mines  of 


186. 


187. 


188. 


Huerfano  County,  Colorado.    A  description  of 

the  geology  and   development  of  the  region: 

.  Mines  and  Minerals,  vol.  25,  pp.  473-474,  3  figs. 

Several  geologic  sections  are  given  by  which 
the  coal  beds  of  the  Occidental  mine  at  the 
western  mai^in  of  the  Trinidad  coal  field  are 
correlated  with  those  of  the  Walsenburg  district. 
Plumb,  C.  H.,  The  Tercio  coal  mining  district, 
Colorado:  Drury  Coll.,  Bradley  Geol.  Field 
Station  Bull.,  vol.  1,  pp.  94-100. 
Stanton,  T.  W.,  Morrison  formation  and  its  rela- 
tion with  the  Comanche  series  and  the  Dakota 
formation:  Jour.  Greology,  vol.  13,  pp.  657-669. 

Some  of  the  rocks  in  northeastern  New  Mexico 
and  southeastern  Colorado,  heretofore  called 
Dakota,  are  shown  on  fossil  evidence  to  be 
Comanche  (p.   664). 

Near  Canon  City,  Colo.,  the  shale  which 
separates  the  two  sandstones  of  the  so-called 
Dakota  sandstone  was  found  to  contain  a  Co- 
manche fauna  (p.  666). 
Sheridan,  J.  E.,  Annual  report  of  the  mine  inspector 
for  the  Territory  of  New  Mexico:  U.  S.  Mine 
Inspector  for  N.  Mex.  Terr.  Ann.  Rept.  to 
Secretary  of  Interior,  1905. 

Describes  the  Cerrillos  and  Una  del  Gato 
(Hagan)  coal  fields  (pp.  40-48). 
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189.  Underhill,  James,  Correlation   of   Colorado 

logical  formations:  Min.  Reporter,  vol.  5^ 
496-497. 

1906. 

190.  Chamberun,  T.  C,  and  Salisbubv,  R.  D.,  Ge< 

vol.  3,  624  pp.,  270  figs. 

191.  Darton,  N.  H.,  Geology  and  undeigreund  \ 

of  the  Arkansas  Valley  in  eastern  Cok 
U.  S.  Geol.  Survey  Prof.  Paper  52,  90  p] 
pis.,  2  figs. 

192.  Griffith,  Williah,  Kinds  and  occurrence  of  ai 

cite  coal:   Min.  Mag.,  vol.  13,  No.  3,  pp.  21^^ 

193.  Jones,  F.  A.,  Mineral  resources  of  New  M< 

Am.  Min.  Cong.  Eighth  Ann.  Sess.,  pp.  13i' 

194.  Ketss,  C.  R.,  Orotaxial  significance  of  certai 

conformities:  Am.  Jour.  Sci.,  4th  ser.,  vo 
pp.  296-300,  2  figs. 

195, Geological  section  of  New  Mexico:  Sci 

new  ser.,  vol.  23,  pp.  921-922. 

196.  Lakes,    Arthur,    Colorado   anthracite.    The 

of  the  State  and  the  influence  of  eruptive 
in  metamorphosing  the  bituminous  dep 
Mines  and  Minerals,  vol.  26,  No.  6,  pp.  27i^ 
2  figs. 

197.  Lee,  W.  T„  The  Engle  coal  field,  New  Mexico: 

Geol.  Survey  Bull.  285,  p.  240. 

The  coal  beds  of  the  Engle  field  co 
numerous  plant  remains  and  rest  oil  rockc 
taining  a  Benton  fauha.  [Lying  on  the 
measures  (unconformably,  as  has  been  < 
mined  since  this  paper  was  published)  ar< 
sedimentary  rocks  similar  in  general  appea 
to  the  Galisteo  sandstone  of  the  Cerrillos  1 
Triceratops  bones  were  found  in  these  red  i 
The  correlation  of  the  coal  measures  with 
at  Cerrillos  and  Raton  is  suggested. 

198.  Merrill,  G.  P.,  Contributions   to   the   histo 

American  geology:  U.  S.  Nat.  Mus.  Ann.  '. 
1904,  pp.  189-733,  37  pis.,  141  figs. 

Several  brief  sketches  are  given  of  the 
who  worked  in  the  fields  described  in  this 
and  of  the  results  obtained  by  them.    Ch 
X  is  devoted  to  the  Laramie  question. 

199.  RnTER,  E.  A.,  Les  bassins  lignitif^res  et  hou 

des  Montagues  Rocheuses:  Annales  des  n 
10th  ser.,  vol.  10,  livr.  7,  pp.  5-84. 

200.  ScHRADER,  F.  C,  The  Durango-Gallup  coal  fi< 

Colorado  and  New  Mexico:  U.  S.  Geol.  Si 
Bull.  285,  pp.  241-258. 

A  map  is  pVesented  outlining  the  prii 
part  of  the  San  Juan  Basin.  Five  groups  o 
beds  are  shown:  (I)  a  Colorado  coal  group  i 
southwestern  part  of  the  field ;  (2)  a  lower 
tana  coal  group — "relation  to  the  Mesaverd 
known  " — occurring  also  in  the  southwesten 
of  the  field;  (3) a Mesaverde  coal  group occi 
in  the  northern  and  eastern  parts  of  the  fie] 
an  upper  Montana  coal  group — ''relation  i 
Mesaverde  unknown" — occurring  in  the  i 
and  southeastern  parts  of  the  field;  and 
Laramie?  coal  group  occurring  in  the  noi 
and  northeastern  parts. 
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The  Laramie?  coal  group  is  shown  as  extending 
from  Colorado  as  far  south  as  Gallinas  Mountains, 
N.  Mex.,  and  is  the  same  as  the  Laramie  of  other 
writers;  the  Mesaverde  coal  group  extends  as 
far  south  as  Puerco  River.  The  upper  Montana 
coal  group  occurs  in  the  southeastern  part  of  the 
field  near  Cabezon  and  is  included  in  the  Mesa- 
verde formation  of  the  later  writers.  The  other 
coal  groups  occur  only  west  of  the  area  described 
by  the  present  writer. 

The  Chico  Arroyo  district,  extending  from 
Sierra  Nacimiento  to  Mount  Taylor,  contains 
coal-bearing  rocks  2,000  to  3,000  feet  thick, 
which  are  said  to  contain  fossils  which  indicate 
that  they  are  younger  than  Mesaverde  (p.  251). 
These  constitute  the  upper  Montana  coal  group. 
[The  Mesaverde  coal  group  and  the  upper  Mon- 
tana coal  group  of  Schrader  together  constitute 
the  Mesaverde  formation  of  Grardner  and  of  the 
present  writer.] 

201.  Sheridan,  J.  E.,  Present  conditions  and  future  pros- 
pects of  the  coal-mining  industry  in  New  Mexico: 
Ann.  Rept.  U.  S.  Mine  Inspector  for  New  Mexico 
Terr,  to  Governor  of  New  Mexico,  134  pp., 
Santa  Fe. 

The  coal  mines  at  Monero  are  described. 
Three  beds  of  coal,  varying  from  3  to  4  feet  in 
thickness,  are  said  to  be  worked  (pp.  66-69). 

The  mines  in  the  Gerrillos  and  Una  del  Gato 
(Hagan)  fields  are  briefly  described  (pp.  70-79).  . 

202. Report  of  the  mine  inspector  for  the  Territory 

of  New  Mexico  to  the  Secretary  of  the  Interior 
for  the  year  ended  June  30, 1906,  87  pp. 

1907. 

203.  Campbell,  M.  R.,  The  Una delCjato  coal  field,  Sando- 

val County,  N.  Mex.:  U.  S.  Geol.  Survey  Bull. 
316,  pp.  427-430,  1  ^. 

The  Una  del  Grato  (Hagan)  field  is  described 
principally  from  an  economic  point  of  view.  A 
section  of  the  rocks  measured  by  C.  R.  Keyes  near 
Sloan  mine  is  given.  The  coals  are  correlated 
with  those  of  the  Cerrillos  field,  and  the  state- 
ment is  made  that ' '  it  is  higjhly  probable  that  they 
are  Laramie.*' 

204.  JuDD,  E.  K.,  New  development  in  coal  fields  of  New 

Mexico:  Eng.  and  Min.*  Jour.,  vol.  84,  pp.  8-11, 
6  figs. 

205.  Lakes,  Arthub,  Sketch  of  the  oil  fields  of  Colorado: 

Min.  World,  vol.  26,  p.  684. 

206.  Lee,  W.  T.,  Note  on  the  red  beds  of  the  Rio  Grande 

region  in  central  New  Mexico:  Jour.  Geology, 
vol.  15,  No.  1,  pp.  52-58. 

Coal-bearing  rocks  near  Elephant  Butte,  N. 
Mex.,  are  described  (p.  57)  as  imderlying  red 
beds  containing  bones  of  Triceratops,  which  sug- 
gests late  Cretaceous  age.  Red  beds  of  similar 
appearance  near  Cerrillos,  N.  Mex.,  known  as 
Cralisteo  sandstone,  have  also  been  regarded  as 
late  Cretaceous,  and  the  correlation  of  the  two  is 
suggested. 

207.  Shaler,  M.  K.,  a  reconnaissance  siu^ey  of  the  west- 

em  part  of  the  Dtunngo-Gallup  coal  field  of  Colo- 


rado and  New  Mexico:  U.  S.  Geol.  Survey  Bull. 
316,  pp.  37fr-426,  2  pis. 

The  paper  deals  with  the  geology  of  the  west- 
em  part  of  the  San  Juan  Basin.  Coal  was  found 
in  the  Dakota,  the  Mancos,  the  Mesaverde,  and 
the  so-called  Laramie. 

208.  Sheridan,  J.  E.,  Report  of  the  mine  inspector  for  the 

Territory  of  New  Mexico  to  the  Secretary  of  the 
Interior  for  the  fiscal  year  ended  Jtme  30,  1907, 
48  pp. 

190S. 

209.  Campbell,  M.  R.,  Coal  fields  of  the  United  States 

(map,  with  explanations),  U.  S.  Geol.  Survey. 

210.  Jones,  F.  A.,  Epitome  of  the  economic  geology  of 

New  Mexico,  published  by  direction  of  the  New 
Mexico  Bureau  of  Inmiigration,  47  pp. 

211.  Shdcer,  H.  W.,  and  Blodoett,  M.  E.,  The  stratig- 

raphy of  the  Mount  Taylor  region.  New  Mexico: 
Am.  Jour.  Sci.,  4th  ser.,  vol.  25,  pp.  53-67,  4  figs. 

This  paper  is  a  report  on  observations  made  in 
1906  in  the  Rio  Puerco  valley,  south  of  Cabezon. 

The  gastropod  zone  near  the  base  of  the  Cre- 
taceous, the  concretion  (Septaria)  zone,  and  the 
cephalopod  zone  of  Ilerrickand  Johnson  were  rec- 
ognized, but  most  of  the  fossils  collected  are  from 
the  latter  two  zones. 

1909. 

212.  Gardner,  J.  H.,  The  coal  field  between  Gallina  and 

Raton  Spring,  New  Mexico,  in  the  San  Juan 
coal  region:  U.  S.  Geol.  Survey  Bull.  341,  pp. 
335-351,  1  pi.  (map). 

Two  coal-bearing  formations  southwest  of 
Nacimiento  Motmtains  are  described.  They  are 
the  Mesaverde,  which  includes  Schrader's  upper 
Montana  coal  group,  and  the  Laramie  (so  callcKi). 
These  are  separated  by  Lewis  shale,  which  is 
said  to  be  2,000  feet  thick  near  Gallina  and  only 
250  feet  thick  on  the  Arroyo  Torreons.  about  30 
miles  to  the  southwest.  Several  geologic  sec- 
tions are  given,  showing  the  relations  of  the  coal 
beds  to  other  rocks. 

'*  At  a  point  10  miles  north  of  Gallina  a  part 
of  the  formation  [Mancos  shale]  becomes  arena- 
ceous and  forms  a  hogback  in  the  shale  vaUey. 
This  sandy  bed  is  about  30  feet  thick  and 
about  275  feet  below  the  top  of  the  formation. 
It  is  no  doubt  the  beginning  of  the  sandstone  and 
shale  formation  that  increases  in  thickness 
toward  the  south  and  is  coal  bearing  on  the  south 
side  of  the  [San  Juan]  Basin  "  (p.  338). 

213.  Lee,  W.  T.,  The  correlation  of  sections  lithologically 

similar:  Abstract  in  Science,  new  ser.,  vol.  29, 
p.  239. 

214.  On  the  occurrence  of  coal  changed  to  coke  and 

graphite  in  the  Raton,  N.  Mex.,  coal  field: 
Abstract  in  Science,  new  ser.,  vol.  29,  pp. 
198-199. 

215.  Unconformity  in  the  so-called  Laramie  of  the 

Raton  coal  field,  New  Mexico:  Geol.  Soc. 
America  Bull.,  vol.  20,  pp.  357-368,  3  pis.,  1  fig 


INTRODTTCTION. 


The  paper  presents  evidenee  that  the  coal- 
bearing  rocks  of  the  Raton  field  are  divisible  into 
two  formations,  the  lower  older  than  Laramie  and 
the  upper  of  post-Laramie  age. 

216.  Lee,  W.  T.,  The  Manzano  group  of  the  Kio  Grande 

valley,  New  Mexico:  U.  S.  Geol.  Survey  Bull. 
389;  (a)  pp.18-19;  (b)  p.  37. 

The  paper  includes  geologic  sections  of  the 
older  Tocka  up  to  and  including  the  Dakota  sand- 
stone in  the  Cerrillos  and  Hagan  fields. 

217.  Sheridan,  J.  E.,  The  coal  mines  and  plant  of  the 

Stag  Canyon  Fuel  Co.,  Dawson,  N.  Mex.:  Am. 
Inst.  Min.  Eng.  Bull.  30,  pp.  ^7-564,  15  figs. 

Two  workable  coal  beds  and  two  or  three  thin 
beds  are  described  (p.  539).  The  Dawson  mines 
are  on  the  lowest  coal,  which  in  the  mines  ranges 
from  6  to  11  feet  in  thickness. 

218.  Stanton,  T.  W.,  The  age  and  stratigraphic  relations 

of  the  ''Ceratops  beds''  of  Wyoming  and  Mon- 
tana: Washington  Acad.  Sci.  Proc.,  vol.  11,  pp. 
239-293. 

The  paper  gives  the  names  of  invertebrates 
from  the  Laramie  (so  caUed)  of  southwest 
Colorado  (p.  274). 

219.  Stbrbett,  D.  B.,  The  production  of  precious  stones 

in  1908:  U.  S.  Geol.  Survey  Mineral  Resources, 
1908;  (a)  p.  807. 

1910. 

220.  Darton,  N.  H.,  a  reconnaissance  of  parts  of  north- 

western New  Mexico  and  northern  Arizona:  U.  S. 
Geol.  Survey  Bull.  435,  88  pp.,  17  pis.,  8  figs. 

The  geology  along  the  Santa  Fe  Railway  from 
Albuquerque  westward  is  described.  The  Cre- 
taceous is  stated  to  consist  pf  the  following  forma- 
tions given  in  descending  order:  Laramie  forma- 
tion, coal  bearing;  Lewis  shale;  Mesaverde  for- 
mation, coal  bearing;  Mancos  shale,  locally  coal 
bearing;  Dakota  sandstone. 

Gardner's  results  are  accepted  for  the  Naci- 
mien  to  region  and  Herrick  and  Johnson's  for  the 
Rio  Puerco  region  (p.  58).  Herrick 's  section  in 
the  Rio  Puerco  valley  (p.  338)  is  quoted  with 
several  changes,  and  the  reference  of  the  coal- 
bearing  rocks,  including  the  Punta  de  la  Mesa 
saudstone  to  the  Fox  Hills  is  accepted.  A  sec- 
tion of  rocks  exposed  at  Lagima  west  of  the  Rio 
Puerco  coal  field  was  measured.  The  following 
fossils  occur  about  550  feet  above  the  base  of  this 
section: 

Exogyra  columbella  Meek. 

Gryphaea  sp.,  probably  a  variety  of  G. 
newberryi. 

Avicula  gastrodes  Meek? 

Cardium,  Panopea,  Turritella,  Rostellites, 
and  Fusus  sp. 
About  100  feet  lower  in  the  section  the  follow- 
ing Benton  species  were  collected: 

Exogyra  columbella  Meek. 

Pecten  sp. 

Pinna  petrina  White. 

Inoceramus?,  Leda,  Cardium,  and  Lucina? 
sp. 


Isocardia  n.  sp. 
Cyprimeria?  sp. 
Corbula  sp. 

Liopistha  (Psilomyra)  concentri 
Turritella  whitei  Stanton. 
Tritonitun  kanabense  Stanton. 
Actaeon,  Cinulia,  Turrilites?, 
ceras  sp. 

221.  Gardner,  J.  H.,  Isolated  coal  fields  in  Ss 

San  Miguel  counties.  New  Mexico: 
Survey  Bull.  381,  pp.  447-451. 

A  part  of  this  paper  is  devoted  to  t 
coal  field  "  and  the  coal  beds  at  the  C 
are  correlated  with  those  near  Madr 
localities  are  at  opposite  extremil 
Cerrillos  field.] 

222.  The  coal  field  between  San  Matec 

New  Mexico:  U.  S.  Geol.  Survey  Bi 
461-473, 1  pi.  (map). 

The  coal-bearing  formations  of  the  s 
part  of  the  San  Juan  Basin  are  d 
Mesaverde  and  ''Laramie."  A  deta 
of  the  Mesaverde  on  Arroyo  Torreoi 
shows  a  thickness  of  1,328  feet. 

The  statement  is  made  (p.  462)  the 
verde  "is  now  known  to  encircle  th 
Basin.  The  same  is  true  of  the 
conformable  Lewis  shale  and  'Lanu 
tion." 

The  Puerco  and  Torr^jon  format 


223. 


Nacimiento  group:  Jour.  Geology,  vo 
pp.  702-741,  3  pis.,  8  figs. 

The  Tertiary  and  late  Cretaceous  fc 
the  San  Juan  Basin  west  of  Nacimient 
are  described. 

The  Tertiary  beda  were  found  to 
formably  on  the  "Laramie"  and  the 
formation  is  separated  from  the  "L 
the  Lewis  shale. 

224.  Lindoren,  Waldemar,  Graton,  L.  C,  ai 

C.  H.,  The  ore  deposits  of  New  Me 
Geol.  Survey  Prof.  Paper  68,  361  p 
33  figs. 

Brief  references  are  made  in  man 
the  coal-bearing  formations  of  New  M 

225.  Richardson,  G.  B.,  The  Trinidad  coal 

rado:  U.  S.  Geol.  Survey  Bull.  381,  j 
2  pis.  (map  and  sections),  9  figs.;  (a) 
p.  104;  (c)  p.  128. 

The  author  describes  the  general  g 
occurrence  of  the  coal  beds,  and  the 
the  coals.  The  occurrence  of  a  cong 
the  midst  of  the  coal-bearing  rocks  is 
but  its  significance  is  not  pointed  out. 
bearing  rocks  are  not  subdivided  an 
is  left  an  open  question.  The  coal  ] 
referred  to  the  "Laramie." 

226.  Washburne,-  C.   W.,  The  Canon  City 

Colorado:  U.  S.  Geol.  Survey  Bui 
341-378;  (a)  p.  365. 

The  author  describes  the  general  ^ 
occurrence  of  the  coal  beds,  and  th 
of    the    coals.    Geologic    sections 


36 


GEOLOGY  AND  PALEONTOLOGY  OF   RATON   MESA   IN   COLO.-N.   MEX. 


including  the  rocks  from  the  Pierre  shale  to  the 
Denver  (?)  formation.  The  coal  measures  are 
all  referred  to  the  Laramie,  although  a  Montana 
flora  was  found  in  the  lower  part.  [A  few  poorly 
preserved  plants  from  the  upper  part  were  sup- 
posed to  indicate  Laramie  age,  but  better  mate- 
rial collected  and  studied  since  that  time  proves 
that  the  whole  formation  is  Montana  in  age.] 

227.  Washburnb,  C.  W.,  The  Florence  oil  field,  Colorado: 

U.  S.  Geol.  Survey  Bull.  381,  pp.  517-544,  also 
separately  (U.  S.  Geol.  Survey  Bull.  381-D). 

1911. 

228.  Leb,  W.  T.,  Further  evidence  of  an  unconformity  in 

the  so-called  Laramie  of  the  Raton  coal  field, 
New  Mexico:  Abstract  in  Geol.  Soc.  America 
Bull.,  vol.  22,  p.  717. 

The  unconformity  in  the  midst  of  the  coal- 
bearing  rocks  of  the  Raton  coal  field  was  traced 
around  the  Raton  and  Trinidad  coal  fields. 

229.  Correlation  of  rocks  in  the  isolated  coal  fields 

around  the  southern  end  of  the  Rocky  Moun- 
tains in  New  Mexico.  (The  preliminary  an- 
nouncement of  the  results  contained  in  this 
paper  was  made  at  the  Washington  meeting  of 
the  Geological  Society  of  America  in  1911.) 

230.  Criteria  for  an  unconformity  in  the  so-called 

Laramie  of  the  Raton  Mesa  coal  fields  of  New 
Mexico  and  Colorado:  Abstract  in  Science,  new 
ser.,  vol.  33,  pp.  355-356. 

231.  Lakes,  Arthur,  Geology  of  the  La  Veta  coal  field: 

Mines  and  Minerals,  vol.  31,  pp.  46^^68 

1912. 

232.  WiLUs,  Bailey,  Geologic  map  of  Ncwrth  America 

(published  in  1911)  to  accompany  Index  to  the 
stratigraphy  of  North  America:  U.  S.  Geol.  Sur- 
vey Prof.  Paper  71. 

The  reference  on  the  map  of  tjie  rocks  now 
known  as  the  Vermejo^  formation  to  the  Mon- 
tana and  of  the  rocks  now  known  as  the  Raton 
formation  to  "earliest  Tertiary  or  latest  Cre- 
taceous" (in  which  is  included  Denver,  Arapa- 
hoe, etc.)  is  based  on  the  information  given  in 
detail  in  the  present  paper. 

233.  Stose,  G.   W.,   U.    S.   Geol.   Survey  Geol.  Atlas, 

Apishapa  folio  (No.  186). 

The  two  sandstones,  separated  by  shale  at  the 
base  of  the  Cretaceous  section  of  this  quadrangle, 
have  until  recently  been  called  Dakota.  The 
name  Dakota  is  now  restricted  to  the  upper 
sandstone  and  the  lower  one,  including  the 
shale  parting,  is  called  the  Piugatoire  formation 
and  is  referred  on  fossil  evidence  to  the  Ix)wer 
Cretaceous  series  (Comanche). 

234.  Richardson,  G.  B.,  The  Monument  Creek  group: 

Geol.  Soc.  America  Bull.,  vol.  23,  pp.  267-276. 

The  Monument  Creek  of  former  writers  is  here 
separated  into  two  formations — the  Dawson 
arkose  (assigned  to  the  Eocene)  and  the  Castle 
Rock  conglomerate  (assigned  to  the  Oligocene^ 
Regarding  the  age  relations  of  the  Dawson  arkose 
the  writer  says  (p.  268):  "Stratigraphic  relation- 


ships indicate  that  the  Arapahoe  and  Denver 
formations  are  equivalent  to  the  lower  part  of 
the  Dawson  arkose,  and  this  evidence  is  paleon- 
tologically  supported."  Knowlton  states  that 
the  fossil  plants  from  the  Dawson  arkose  ''are 
undoubtedly  Denver  in  age"  (p.  272).  "It  is 
evident  that  the  Dawson  arkose  together  with 
its  associated  unconformities  represents  the  time 
between  the  Laramie  and  the  Oligocene''  (p. 
274).  ''In  the  light  of  present  knowledge, 
therefore,  it  seems  plausible  that  the  Arapahoe 
and  Denver  formations  are  the  equivalent  of 
the  lower  part  of  the  Dawson  arkose"  (p.  275). 
A  saving  clause  is  added,  that  "  it  is  not  claimed 
that  final  correlations  have  been  established, 
but  nevertheless  previously  unsuspected  relik 
tionships  are  indicated  "  (p.  274). 

Of  the  stratigraphic  relations  it  is  said  (p.  274) 
that  "the  lower  part  of  the  Dawson  arkose  seems 
to  pass  along  the  strike  into  the  Arapahoe  and 
Denver  formations;  that  the  Dawson  and  Arapa^ 
hoe  can  not  be  separated  lithologically  even  at 
the  type  locality  of  the  Arapahoe  on  the  bluffs  of 
•  Wilk)w  Creek;  and  that  the  Denver  and  Dawson 
apparently  merge  into  each  other. "  It  is  further 
stated  (p.  275)  that  "the  evidence  [of  cotain 
vertebrates]  implies  the  correlation  of  the  lower 
part  of  the  Monument  Creek  of  Hayden  [the  lower 
part  of  the  Dawson  arkose]  and  the '  postr Laramie ' 
of  the  Denver  Basin"  [the  Arapahoe  and  Denver 
formations]. 

235.  Lee,  W.  T.,  Stratigraphy  of  the  coal  fields  of  northern 
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GEOGRAPHY. 


LOCATION  AND  EXTENT  OF 

BEQION. 


THE  BATON  MESA 


The  Raton  Mesa  region,  a  highly  dissected 
plateau  situated  east  of  the  Rocky  Moun- 
tains, comprises  the  Raton  coal  field  in  north- 
ern New  Mexico  and  the  Trinidad  coal  field 
in  southern  Colorado.  It  has  a  north  and 
south  extent  of  about  85  miles  and  stretches 
from  the  foothills  eastward  to  a  maximum 
width  of  about  50  miles  at  the  interstate 
boundary.  The  coal-bearing  area  is  sub- 
triangular  in  outline  and  contains  nearly  2,500 
square  miles  of  coal  land.  It  has  been  called 
the  Raton  Mesa  region  because  of  the  group 
of  high  table-lands  conunonly  known  as  the 
Raton  Mesas  that  are  included  in  its  eastern- 
central  part.  These,  together  with  the  divide 
extending  from  Bartlett  Mesa  westward  to 
the  mountains,  have  sometimes  been  called 
the  Raton  "Moimtains,'*  but  as  the  highlands 
result  from  the  erosion  of  an  uplifted  pene- 
plained  area,  large  portions  of  which  still  re- 
main as  fiat-topped  mesas,  it  is  obvious  that 
''mesas''  rather  than  "mountains''  is  the  ap- 
propriate designation.  The  area  has  been 
called  the  Raton  Mesa  "region"  because  it 
consists  of  two  coal  fields  which,  although  geo- 
logically identical  (the  coal-bearing  rocks  being 
continuous  throughout  both) ,  are  geographically 
more  or  less  distinct  and  are  well  known  in 
conmiercial  circles  as  separate  fields.  The 
divide  formed  by  the  Raton  Mesas  is  practically 
on  the  boundary  between  New  Mexico  and 
Colorado,  so  that  the  political  subdivision 
agrees  with  the  geographic  and  commercial 
subdivisions  of  the  region. 

ACCESS. 

The  main  lines  of  the  Atchison,  Topeka  & 
Santa  Fe  Railway,  the  Colorado  &  Southern 
Railway,  the  Denver  &  Rio  Grande  Railroad, 
and  the  Chicago,  Rock  Island  &  El  Paso  Railway 
enter  the  Raton  Mesa  region.  In  addition  to 
these  main  lines  spurs  and  local  roads  connect 
the  several  mining  towns,  so  that  approach  is 
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relatively  easy  to  all  of  the  developed  parts  of 
the  region.  There  are  several  towns  of  con- 
siderable size  along  the  eastern  margin  of  the 
Trinidad  field  and  a  few  similarly  situated  in 
the  Raton  field. 

BELATION  OF  COAL  FIELDS  TO  MOXTNTAIN  AND 

PLAIN. 

The  coal-bearing  rocks  form  a  plateau  which 
constitutes  a  topographic  province  intermediate 
between  the  high  mountains  to  the  west  and  the 
Great  Plains  to  the  east.  In  most  places  along 
the  western  margin  of  the  region  the  plateau 
is  separated  from  the  mountains  by  a  structural 
valley  (see  PI.  XX,  p.  156)  formed  on  the  soft 
beds  of  upturned  shales  that  range  in  age  from 
Benton  to  Pierre.  East  of  this  valley  the  hard 
rocks  of  the  coal  measures,  also  upturned,  form 
a  hogback  because  of  their  superior  resistance 
to  erosion.  But  east  of  this  hogback  the  coal- 
bearing  rocks  lie  nearly  horizontal  and,  being 
harder  than  the  underlying  rocks,  have  with- 
stood erosion  and  remained  as  highlands  while 
the  areas  farther  east  were  being  more  uniformly 
degraded. 

The  eastern  extremity  of  the  coal-bearing 
rocks  is  characterized  by  a  steep  escarpment 
which  forms  a  conspicuous  topographic  feature. 
At  the  southern  end  of  the  Raton  field  this 
escarpment  attains  a  maximum  altitude  of 
nearly  1,000  feet.  Farther  north  its  altitude 
is  somewhat  less;  but  in  New  Mexico,  between 
Cimarron  and  Raton,  it  would  probably  aver- 
age not  less  than  500  feet.  North  and  east  of 
Raton  it  joins  the  high  mesas  which  rise  to  a 
maximxmi  altitude  of  more  than  2,000  feet 
above  the  general  level  of  the  plains.  From 
the  nearly  level  plain  the  cliffs  rise  so  abruptly 
(see  PI.  Ill)  that  some  observers  have 
Ukened  them  to  sea  cliffs  formed  by  under- 
cutting waves.  Although  this  interpretation 
is  obviously  erroneous  it  recalls  a  vivid  mental 
picture  of  existing  conditions. 

The  eastern  margin  of  the  Trinidad  field  is 
marked  by  cliffs  similar  to  those  of  the  Raton 
field  but  in  general  less  prominent,  although 
the  extremes  are  greater.     A  maximum  differ- 
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ence  in  altitude  occurs  near  Trinidad,  where 
the  north  end  of  Raton  Mesa,  known  as  Fishers 
Peak,^  rises  something  more  than  3,500  feet 
above  the  plain.  North  of  Trinidad  an  escarp- 
ment similar  to  that  east  of  Dawson,  N.  Mex. 
(PI.  Ill)  is  more  or  less  prominent  nearly  to 
Walsenburg  but  is  inconspicuous  farther  north. 
In  the  center  of  the  TYinidad  field  the  con- 
tinuity of  the  sedimentary  formations  is  inter- 
rupted by  the  intrusive  igneous  rocks  of  the 
Spanish  Peaks,  and  it  is  due  largely  to  the  pro- 
tection of  these  rocks  that  the  younger  sedi- 
mentaries  have  not  been  removed  by  erosion. 

DRAINAOE. 

The  Raton  Mesa  region  lies  at  the  western 
extremity  of  the  Great  Plains  in  a  semiarid 
region;  and  the  precipitation  in  its  eastern 
part  is  principally  in  the  form  of  torrential 
showers  commonly  known  as  cloud-bursts. 
Farther  west  toward  the  mountains  the  rain- 
fall increases  in  amount.  A  few  streams  that 
cross  the  region  rise  in  the  mountains  and  &o^ 
at  all  seasons  of  the  year,  but  most  of  them  are 
practically  dry  except  in  times  of  flood.  The 
perennial  streams  have  cut  narrow  and  rela- 
tively straight  canyons  that  are  especially  con- 
spicuous in  the  Raton  field.  The  streams  that 
depend  for  their  water  supply  on  the  torrential 
showers  have  cut  short,  precipitous  canyons, 
many  of  which  are  tortuous  and  branching. 

TOPOORAPHY. 

The  character  of  the  drainage  resulting  from 
the  position  of  the  Raton  Mesa  region  between 
high  mountains  and  semiarid  plains,  together 
with  the  character  of  the  rocks,  has  given  rise 
to  many  topographic  forms.  But  as  this  paper 
deals  with  a  special  phase  of  stratigraphy  and 
not  with  the  general  geology  of  the  region  no 
attempt  will  here  be  made  to  describe  these 
forms  further  than  is  essential  for  an  imder- 
standing  of  the  geologic  relations  of  the  for- 
mations. For  this  purpose  the  principal  topo- 
graphic forms  are  those  that  expose  the  rocks 
to  view,  chief  among  which  are  the  mesas, 
canyons,  escarpments,  and  hogbacks. 

The  Raton  Mesa  region  as  a  whole  is,  as 
already  stated,  a  plateau  more  or  less  deeply 
dissected  by  erosion  into  a  complex  of  sharp 
ridges,  deep  canyons,  and   flat-topped  mesas. 


The  region  was  once  peneplained,  and  tl 
nearly  level  surface  was  partly  covered  I: 
sheets  of  basaltic  lava  that  formed  the  hai 
layers  now  f  oxmd  at  the  tops  of  the  mesas.  Tl 
softer  rocks  were  eroded  away  faster  than  tl 
harder  ones,  but  in  some  places  the  thick  shee 
of  basalt  have  effectively  preserved  them. 

CHASACTBS  OF  BOCK  EXPOSURES. 

The  character  of  the  exposures  of  pock  in  tl 
canyons  and  along  the  margins  of  theplatefi 
is  of  the  greatest  importance  for  the  purpos 
of  this  paper.  The  several  illustrations  sho 
the  nature  of  the  outcrops,  and  the  details 
sections  indicate  that  in  many  places  the  rod 
are  well  exposed.  The  character  of  the  exposu 
naturally  differs  with  the  rocks,  but  the  souti 
ward-facing  slopes  generally  present  better  e: 
posures  than  the  northward-facing  slope 
which  are  covered  with  vegetation  in  mar 
places.  This  is  especially  true  of  the  nori 
sloped  of  the  Raton  Mesas,  which  are  so  dense 
forested  that  the  rocks  are  very  imperfect 
exposed,  and  of  many  places  along  the  wes 
em  margin  of  the  region,  where  vegetatit 
flourishes  in  th^  moist  atmosphere  near  tl 
mountains. 

GEOLOGY. 

QSNESAL  FSATTJBES. 

The  core  of  the  mountains  west  of  the  Rate 
Mesa  region  consists  of  crystalline  rock,  pro 
ably  of  pre-Cambrian  age.  Also,  in  son 
places  there  are  thick  beds  of  rocks,  more  • 
less  metamorphosed,  that  are  apparently  pr 
Cambrian  but  are  yoimger  than  the  crystallin 
of  the  moimtain  core.  These  are  obviously 
sedimentary  origin.  The  next  younger  rod 
observed  are  the  red  beds,  the  oldest  fossils 
which  indicate  Carboniferous  age;  but  st 
lower  rocks  in  which  no  fossils  have  been  f oui 
may  be  older  than  Carboniferous.  In  the  Rat< 
Mesa  region  the  red  beds  lie  in  contact  with  t] 
ancient  crystalline  rocks  in  some  places  ai 
with  the  metamorphosed  sedimentary  roc' 
in  other  places.  Farther  south  they  rest  < 
limestone  of  Pennsylvanian  age.  They  a 
the  so-called  "Red  Beds''  of  the  Rocky  Mou 
tains,  and  above  them  occur  the  Cretaceo 
and  Tertiary  rocks  in  the  order  shown  in  t 
table. 
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PBS-CBETACEOUS  FOBMATIONS. 

Relatively  little  is  known  of  the  older  forma- 
tions of  the  Culebra  Range  in  the  Raton  Mesa 
region,  and  few  observations  were  made  on 
them  by  the  present  writer.  The  core  of  the 
mountains  consists  of  crystalline  rock  and  the 
foothills  of  relatively  old  sedimentary  rocks. 
These  are  of  interest  here  only  in  so  far  as  they 
are  the  source  of  the  sediments  composing  the 
younger  formations  and  in  so  far  as  their  thick- 
ness indicates  the  amount  of  erosion  that  must 
have  taken  place  before  certain  pebbles  found 
in  the  basal  conglomerate  of  the  Raton  forma- 
tion could  have  been  formed.  The  older  for- 
mations were  observed  somewhat  hurriedly  in 
four  places,  namely,  south  of  Vermejo  Peak 
and  west  of  Van  Bremmer  Park;  in  the  canyon 
of  South  Fork  of  Purgatoire  River;  north  of 
Culebra  Peak,  which  lies  west  of  Stonewall ;  and 
in  Huerfano  Park,  a  few  miles  northwest  of  the 
area  mapped. 

In  the  first  of  these  places  the  red  beds  con- 
sist principally  of  sandstone  and  conglomerate 
in  which  are  boulders  of  igneous  and  metamor- 
phic  rock  some  of  which  are  2  feet  in  diameter. 
The  red  beds  here  appear  to  be  many  thousands 
of  feet  thick,  but  doubtless  this  thickness  is 
due  in  some  measure  to  dupUcation  by  faulting. 

In  the  canyon  of  South  Fork  of  Pm^atoire 
River  the  sedimentary  rocks  are  uptiuned 
nearly  vertical  and  the  canyon  has  been  cut 
nearly  at  right  angles  to  their  strike,  thus 
affording  a  good  opportunity  for  measuring 
their  thickness.  The  Unear  measurements  were 
made  with  tapeline,  the  direction  of  each  meas- 
urement being  taken  with  hand  compass  and 
the  altitudes  with  aneroid  barometer.  Correc- 
tions for  direction  of  measurement,  dip,  strike, 
and  altitude  were  made  in  the  office.  The 
results  are  as  follows: 

Geologic  section  measured  on  South   Fork  of  Purgatoire 

River ^  in  southern  Colorado. 

Feet. 

Sandstone  (Dakota),  massive,  quartzitic 95 

Shale,  fine  grained,  sandy,  dark  (Purgatoire  forma- 
tion)   3 

Sandstone,  conglomeratic  (Purgatoire  formation) . .  50 

Not  exposed 50 

Shale  and  sandstone  (Morrison  formation),  varie- 
gated; red  agates  near  base 150 

Not  exposed 632 


Fee 


Sandstone,  conglomeratic,  with  some  shale  (red 
beds).  From  top  to  bottom  this  series  of  beds 
contains  many  coarse  conglomerates  composed 
of  pebbles  which  measure  up  to  8  inches  or  more 
in  diameter  and  which  consist  of  many,  varieties 
of  crystalline  and  metamorphic  rock 1 1, 52 

Sandstone,  dark  red,  more  or  less  quartzoso,  much 
harder  than  the  red  beds  above.  Small  pebbles 
occur  in  many  places  throughout  the  formation 
and  in  some  places  there  are  well-defined  con- 
glomerates, but  few  pebbles  more  than  half  an 
inch  in  diameter  were  seen.  Similar  rocks  occur 
about  10  miles  farther  north  below  rocks  from 
which  Pennsylvanian  fossils  were  collected 2, 50 

Crystalline  rock. 


15,02 

No  fossils  were  foimd  in  any  of  the  rocks  o 
this  section,  and  their  correlation  is  based  oi 
stratigraphic  position  and  Uthologic  character 
Apparently  the  red  beds  are  here  in  contac 
with  the  crystalUne  rocks,  but  about  10  mile 
farther  north  ^*^  a  considerable  thickness  o 
shale  and  limestone  occurs  between  the  two 
Where  these  rocks  were  observed  south  o 
Vermejo  Peak  the  conglomerates  are  mucl 
coarser  than  they  are  on  the  South  Fork  when 
the  section  was  measured. 

Several  years  ago  some  of  the  older  rocb 
north  of  Culebra  Peak  were  observed  bv  th( 
writer  and  a  short  section  measured  near  tliei 
base  was  published,*"  together  with  a  list  o1 
fossils  that  prove  their  Pennsylvanian  age 
Near  this  locality  there  are  fossiliferous  lime 
stones  within  the  red  beds,*  but  no  fossils  wen 
coDected  from  them  by  the  present  writer 
The  red  beds  of  this  locality  contain  conglom 
erates,  but  on  the  whole  they  are  much  less 
conglomeratic  than  those  farther  south.  TIk 
section  and  fossils '"  are  as  follows: 

Section  measured  at  the  crest  of  the  Sangre  de  Crista  or  Cuhhn 

Rangey  between  Middle  and  North  forks  of  Purgatoiri 

River ^  Colo. 

Feet 

Conglomerate,  hard,  quartzitic 1( 

Shale,  dark 

Limestone,  fossiliferous 

Sandstone,  red,  with  bands  of  red  shale  and  irregular 

masses  of  limestone 1 

Sandstone,  greenish,  argillaceous 

Sandstone,  pink,  argillaceous  above,  conglomeratic 

below 

Limestone,  fossiliferous 

Sandstone,  deep  red,  conglomeratic  at  the  base,  shaly 

near  the  top - 
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Feet. 

Limestone,  arenaceous  near  the  base 20 

Light-colored  grit,  massive,  coarse,  and  conglomeratic.  13 
Sandstone,  banded,  and  limestone  intimately  com- 
mingled.   Much  of  the  limestone  is  in  more  or  less 
rounded  masses.     Irregular  beds  of  gravel  occur  in 

places G 

Limestone,  nodular 3 

Limestone,  massive 8 

Shale  with  limestone  nodules 3 

Limestone,  massive 23 

Sandstone,  coarse,  conglomeratic  in  the  lower  Iialf . . .  20 

Grit,  massive  (local  unconformity) 8 

Shale,  calcareous,  passing  to  black  shale,  with  lime- 
stone nodules  n?ar  the  top 10 

Limestone,  lossiliferous,  with  sandstone  layers.     Cup 

corals  abundant 15 

Lim36tone,  massive 6 

Shal3 8 

Coarse  grit 2 

Sandstone  with  large  nodulee  and  irregular  masses  of 

limestone 10 

Shale  with  bands  of  sandstone  and  limestone 23 

Limestone,  banded 4-12 

Shale,  soft,  black,  fossiliferous 28 

Grit,  coarse 9 

Shale,  black 6 

Grit,  coarse,  conglomeratic  in  places 2-20 

Shale,  dark,  with  limestone  nodules  and  thin  seams 
of  sandstone;  runs  to  massive  limestone  in  places; 

becomes  red  and  arenaceous  near  the  base 45 

Grit,  coarse 7 

Shale,  dark  red,  with  nodules  and  irr^^ar  masses  of 

limestone 10 

Limestone 4 

Shale,  red  to  black  micaceous,  with  bands  of  sandstone 

near  the  base  and  limestone  nodules  near  the  top. .  12 

Grit,  coarse 10 

Grit,  red,  and  conglomerate ? 

Crystalline  rocks  of  the  mountains.  
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Fossih  collected  at  the  crest  of  the  range  between  Middle  and 
North  forks  of  Purgatoire  River ^  Colo. ,  mainly  from  the 
28-foot  fossiliferous  shale  of  the  foregoing  section. 

[Identiflfld  by  Stuart  WaUer.] 

Zaphrentis,  sp.  undet. 
Orbiculoidea  convexa  Shumard. 
Orbiculoidea  missouriensis Shumard. 
Chonetes  mesoloba  Norwood  and  Pratten. 
Productus  longispinus  Sowerby. 
Productus  costatus  Sowerby. 
Productus  cora  D'Orbigny. 
Spirifer  cameratus  Morton. 
Spirifer  rockymontana  Marcou. 
Reticularia  perplexa  McChesney. 
Seminula  aigentea  Shepard. 
Aviculipecten  carboniferus  Stevens. 
Astartella  concentrica  McChesney. 
Nucula  ventricosa  Hall. 
Nuculana  bellistriata  Stevens. 


Pelecypod  (genera  and  sp.  undet.). 

Bellerophon  percarinatus  Conrad. 

Bellerophon  carbonari  us  Cox. 

Bellerophon  montfortianus  Norwood  and  Pratten. 

Bellerophon  sp.  undet. 

Hotella  vemicelifera  White. 

Soleniscus  brevis  White. 

Soleniscus  sp.  undet. 

Sphaerodoma  texana  Shumard. 

Sphaerodoma  sp.  undet. 

Trachydomia  wheeleri  Swallow  var. 

Naticopsis  altonensis  McCliesney. 

Naticopsis    altonensis  var.    gigantea  Meek  and 

W'orthen. 
Pleurotomaria  perizomata  White. 
Pleurotomaria  (several  small  species  undet.). 
Murchisonia  copei  White. 
Orthoceras  sp.  undet. 
Syringopora  sp. 

Campophyllum  torquium  Owen. 
Straparollus  catilloides  Conrad. 

Fossils  from  the  same  locality  ^  found  as  loose  fragments: 

horizmis  not  determined. 

Derbya  craasa  Meek  and  Hayden. 
Uustedia  mormoni  Marcou. 
AUorisma  subcuneata  Meek  and  Uayden. 
Schizodus  wheeleri  Swallow. 
Bellerophon  (large  sp.  undet.). 
Tenmocheilus  winalowi  Meek  and  W^orthen. 
Phillipsia  sp. 
Laige  fish  spine. 

A  brief  visit  to  the  red  beds  in  Huerfano 
Park,  a  few  miles  north  of  the  northern  end  of 
the  Trinidad  coal  field,  showed  them  to  be 
many  himdreds  of  feet  thick.  The  base  of  the 
formation  Was  not  seen.  The  rocks  consist 
mainly  of  coarse-grained  sandstone,  but  con- 
tain layers  of  conglomerate,  and  at  one  horizon 
near  the  middle  of  the  series  include  an  earthy 
limestone  a  few  feet  thick,  from  which  the 
following  fossils  were  collected : 

Fossils  from  the  red  beds  in  Huerfano  Park,  Colo. 

[Identified  by  O.  H.  Glrty.) 

Lophophyllum  profundum? 
Lioclema?  sp. 
Derbya  bennetti. 
Maiginifera  aff .  M.  wabashensis. 
Maigiuifera  sp. 
Productus  inflatus? 
Spirifer  boonensis. 
Sqiiamularia  perplexa? 
Ambocoelia  plani convexa. 
Spiriferina  kentuckyensis. 
Composita  subtil  ita. 
Clioth\Tidina  orbicularis. 
Astartella  varica? 
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Of  these  fossils  Girty  says  '*  the  geologic  age 
is  clearly  Pennsylvanian,  and  compared  with 
the  New  Mexico  section  ^*®  they  would  be 
Magdalena  rather  than  Manzano/' 

CSETACEOnS  (P)  SYSTEM. 
MORRISON  FORMATION. 

•  Between  the  red  beds  and  the  conglomeratic 
sandstone  of  Lower  Cretaceous  age  (here  corre- 
lated on  stratigraphic  evidence  with  the 
Pm^atoire  formation  of  the  Apishapa  quad- 
rangle 2")  lies  782  feet  of  rock,  only  150  feet  of 
which  is  exposed  to  view.  The  exposed  rocks 
are  lithologically  similar  to  those  of  the  Morri- 
son formation  foimd  elsewhere  in  the  Rocky 
Moimtain  region,  and  although  no  fossils  were 
found  in  them  the  writer  has  no  hesitancy  in 
referring  them  on  lithologic  and  stratigraphic 
evidence  to  the  Morrison.  A  shaly  zone  near 
the  base  of  the  exposure  contains  red  agates 
similar  to  those  found  in  the  Morrison  near 
Canon  City,  where  they  are  cut  into  gems. 
Sterrett  ^^^  describes  these  gem  agates  as 
follows: 

The  silica  is  evidently  a  deposit  from  solution  and  often 
occurs  in  concentric  bands  of  different  colors.  The  seams 
bearing  this  agate-like  material  are  usually  only  a  few 
inches  thick  and  have  a  clay  filling  in  the  intemodular 
spaces. 

J.  D.  Endicott  has  obtained  some  agate  from  Garden 
Park,  8  miles  north  of  Canon  City,  Colo.,  similar  to  the 
above,  but  he  states  that  it  came  from  the  inside  of  fossil 
dinosaur  bones.  Some  of  it  has  a  peculiar  structure  that 
may  be  the  original  bone  structure.  This  agate  has  bright- 
red,  yellow,  and  gray  colors  and  makes  a  beautiful  curio 
gem  for  watch  charms  when  polished.  Mr.  Endicott  also 
obtains  agates  with  peculiar  structure  from  the  Curio  Hill 
locality,  8  miles  southeast  of  Canon  City.  These  agates 
are  translucent,  with  blood-red  spots  through  them  either 
in  layers  or  bands  or  more  or  less  regularly  distributed 
through  the  mass.  The  latter  pattern  has  been  called 
St.  Stephen  stone.  Mr.  Endicott  has  cut  a  small  quantity 
of  translucent  bluish  chalcedony  found  at  Thirty-one  Mile 
Mountain,  7  miles  west  of  Guffy,  Colo.  This  chalcedony 
has  an  agate  structiu'e  showing  faint  banding.  The  blue 
color  is  of  a  light  shade,  though  pronounced .  It  is  not  the 
bright  blue  found  in  the  blue  chrysoprase  or  copper-stained 
chalcedony  of  Globe,  Ariz.  The  effect  of  the  cut  gem  is 
very  pleasing.  Another  variety  of  chalcedony  foimd  in 
€olorado  by  Mr.  Endicott  has  an  amethystine  color:  This 
cuts  to  a  pretty  xrabochon  gem.  These  fancy  agates  and 
chalcedony  gems  are  delicately  marked  and  have  beautiful 
colors.  They  should  be  in  laige  demand  for  the  tourist 
trade  and  also  for  wider  sale  when  people  become 
acquainted  with  them. 

These  agatea  were  noted  in  the  Morrison  ^^®* 
several  years  ago  and  more  recently  have  been 


observed  in  so  many  places  that  the  writ 
has  come  to  regard  them  as  one  of  the  dia 
nostic  features  of  the  Morrison  of  southe 
Colorado  and  northern  New  Mexico.^ 

Sedimentary  rocks  of  variegated  color,  su 
as  are  characteristic  of  the  Morrison,  we 
observed  in  the  foothills  throughout  the  Rat 
Mesa  region  wherever  the  rocks  are  well  € 
posed.  They  were  seen  at  Stonewall,  on  bo 
branches  of  South  Fork  of  Purgatoire  Riv« 
and  on  the  main  branches  of  the  Vermejo. 
the  southern  part  of  the  region  the  sediments 
formations  have  been  so  obscured  by  faulti 
and  by  intrusions  of  igneous  rock  that  furtl 
observations  are  necessary  before  it  can 
confidently  asserted  that  the  Morrison  is  pri 
ent  there.  But  in  view  of  the  known  u: 
formity  in  the  character  and  thickness  of  tl 
formation  over  wide  areas  in  southern  Colora 
and  northern  New  Mexico,  together  with 
occurrence  far  south  of  the  region  at  I 
Vegas^^^  and  in  Galisteo  Canyon,  ^"^  it  see] 
safe  to  assiune  that  the  Morrison  underl 
the  entire  Raton  Mesa  region. 

CBETACEOUS  SYSTEM. 

PUBOATOIRE  FORMATION  AKI>  DAKOTA 

SANDSTONB. 

In  many  places  throughout  the  Roc 
Mountain  region  the  Dakota  has  been  < 
scribed  as  consisting  of  two  sandstones  sej 
rated  by  a  layer  of  shale  which  is  often  ref en 
to  as  the  ''Dakota  fire  clay.'^  These  two  sar 
stones  are  well  developed  in  the  Raton  M( 
region  and  together  they  form  a  prominc 
ridge  commonly  known  as  the  Dakota  h( 
back.  On  South  Fork  of  Purgatoire  Ri^ 
(see  section,  p.  41)  the  lower  sandstone  is 
feet  thick  and  the  upper  one  95  feet.  T 
lower  sandstone  is  hard,  massive,  and  C( 
glomeratic;  the  upper  is  not  conglomera 
where  observed  but  is  quartzitic,  very  ha 
and  forms  the  crest  of  the  ridge.  The  re 
tions  of  these  two  sandstones  and  the  int 
vening  shale  have  been  recognized  north  of  1 
Raton  Mesa  region  in  the  vicmity  of  Car 

1  Since  this  report  was  written  the  writer  has  learned  that  sic 
agates  occur  in  northern  Colorado  in  rocks  which  were  formerly  cla 
as  hasal  Morrison  but  which  prove  to  be  the  southward  extension  o 
Sundance  formation  or  marine  Jurassic.  The  agate-bearing  rocl 
northern  Colorado  appear  to  lie  above  fossiliferous  marine  Jurassic  r 
and  unconformably  below  typical  Morrison  beds.  These  fticts  su( 
that  the  agate-bearing  rocks  of  southern  Colorado,  near  the  base  of  ^ 
is  now  called  the  Morrison,  may  prove  to  be  equivalent  in  age  tc 
marine  Jurassic,  like  the  similar  rocks  in  northern  Colorado. 
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City/'^  east  of  the  Raton  Mesa  region  in 
Huerfano  Canyon,^'-  in  Apishapa  Canyon,-^ 
in  Purgatoire  Canyon/*^  in  Cimarron  Canyon,"' 
farther  south  on  the  Canadian/"  and  at  Las 
Vegas."® 

It  has  been  known  since  the  publication  of 
Stanton's  paper^"  that  the  shale  separating  the 
two  sandstones  correlates  with  the  Washita, 
which  some  geologists  but  not  all  regard  as 
Lower  Cretaceous.  This  sandstone,  together 
with  the  shale  above  it,  has  been  named  the 
Purgatoire  formation.  Although  no  fossils  were 
found  in  the  Raton  Mesa  region  in  either  of  the 
sandstones  of  the  hogback  or  hi  the  shale  separ 
rating  them  the  writer  feels  confident  in  corre- 
lating the  lower  sandstone  and  the  shale  with 
the  Purgatoire  formation  of  the  Apishapa  quad- 
rangle and  in  referring  the  upper  sandstone  to 
the  Dakota. 

BENTON,  NIOBRARA,  AND  PIERRB 
FORMATIONS. 

The  marine  Cretaceous  shale  and  limestone 
formations  of  southern  Colorado  have  been 
described  m  several  publications  and  are  fairly 
well  known.  Few  observations  were  made  b}' 
the  writer  on  the  Benton  and  Niobrara  or  on 
the  older  Pierre  in  the  Raton  Mesa  region,  all 
of  which  are  of  interest  in  the  present  uivesti- 
gation  only  m  so  far  as  they  aid  hi  measuring 
post-Cretaceous  erosion  or  shed  light  on  the 
age  of  the  coal-bearing  formations.  For  meas- 
uring the  erosion  their  thickness  is  important 
but  so  far  as  age  is  concerned  neither  they  nor 
any  of  the  rocks  below  the  fossiliferous  zone 
near  the  top  of  the  Pierre  shale  call  for  much 
consideration. 

The  marine  Cretaceous  rocks  in  southern 
Colorado  are  separable  into  several  formations, 
havmg  an  aggregate  thickness  of  about  2,500 
feet  in  the  Elmoro  quadrangle,  *"  but  the  for- 
mations seem  to  be  less  well  defined  toward  the 
south  and  no  attempt  was  made  by  the  writer 
to  determine  their  limits  in  the  Raton  field. 
Li  some  places  in  this  field  the  horizon  of  the 
Greenhorn  limestone  is  represented  by  a  few 
feet  of  limestone,  but  the  lunestone  of  the  Nio- 
brara group  which  is  prominent  farther  north 
has  not  been  found.  So  far  as  observed  in  the 
Raton  Mesa  region  the  rocks  betweeii  the 
Dakota  and  the  Trinidad  sandstone  consist 
almost  wholly  of  shale.     Although  the  total 


thickness  of  this  shale  has  never  been 
measured  it  is  known  to  be  more  than  3,000 
feet  near  Rato.i,  where  a  well  was  drilled  in  it 
to  a  depth  of  2,700  feet  (see  locality  82,  p.  108) 
and  probably  about  the  same  in  Vermejo  Park, 
where  well  data  prove  that  it  measures  more 
than  2,500  feet  at  locality  123.  This  shale 
occupies  a  broad  valley  lying  between  the  ridge 
at  the  western  margin  of  the  coal  fields  and  the 
Dakota  hogback  still  farther  to  the  west.  Its 
thickness  here  has  not  been  measured,  but  can 
scarcely  be  less  than  3,000  feet  and  may  be 
much  more.  However,  for  the  purposes  of 
this  paper  the  thickness  shown  by  the  drill  will 
be  used. 

The  marine  Cretaceous  shale  is  more  or  less 
fossiliferous  throughout,  but  few  fossils  have 
been  collected  ui  the  Raton  Mesa  region  from 
the  lower  part.     These  are  as  follows: 

Marine  invertebrates  from  the  lower  (Benton)  part  of  the  Cre- 
taceous shale  of  the  Raton  Mesa  region. 

[Identified  by  T.  W.  Stanton.] 

Baculitce  asper  Morton? 

Coilopooeras  novimexicanum  Hyatt. 

Inoceramus  dimidius  White. 

Inoocramus  fragills  Ilall  and  Meek. 

Inoceramus  labiatus  Schlothcim. 

Inoceramius  sp. 

Ostrea  lugubrie  Conrad. 

Ostrea  sp. 

Prionocyclua  wyomingensis  Meek. 

Soaphites  ventricosus  Meek  and  Hayden. 

Invertebrates  were  collected  from  the  upper 
part  of  the  Pierre  shale  in  many  places.  They 
are  most  abundant  hi  the  southern  part  of  th© 
Raton  field,  whore  they  occur  in  limestone  con- 
cretions 100  to  400  feet  below  the  top  of  the 
shale.  A  few  were  collected  by  the  writer,  and 
some  also  by  G.  B.  Richardson's  party  ni  the 
Trinidad  field.  The  localities  at  which  col- 
lections were  made  are  hidicated  on  the  map 
(PI.  I,  in  pocket)  by  numerals  which  denote  the 
lot  numbers  under  which  the  collections  are 
stored  m  the  United  States  National  Museum. 
A  complete  list  of  these  fossils  is  given  in  the 
following  table  of  species.  Concemhig  the  age 
of  the  invertebrates  Stanton  says  that  the 
fauna  is  a  meager  one  and  that,  although 
'*  typical  of  the  Pierre  shale,  it  has  a  consider- 
able stratigraphic  range  withhi  it.  From  this 
material  it  is  not  possible  to  recognize  definite 
restricted  zones.'' 
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OENEBAL  GEOGRAPHY  AND  GEOLOGY. 


The  fossil  lots  of  the  foregoing  table  are 
briefly  described  as  follows.  The  locality 
numbers  refer  to  the  permanent  lot  numbers 
of  the  Mesozoic  fossil  invertebrates  of  the 
United  States  Geological  Survey  under  which 
the  fossils  are  stored  in  the  United  States 
National  Museum^  and  to  the  map  (PI.  I,  in 
pocket). 

6581.  Baldy  mine,  about  6  miles  northwest  of  Ute  Park, 
N.  Mex.;  at  top  of  Pierre  shale. 

6560.  North  wall  of  Ute  Park,  N.  Mex.;  about  150  feet 
below  top  of  Pierre  shale. 

5603  and  6554.  Cimarron  Canyon,  about  7  miles  west  of 
Cimarron  City,  N.  Mex.;  sibout  100  feet  below  top  of 
Pierre  shale. 

6555.  North  wall  of  Cimarron  Canyon,  about  4  miles 
northwest  of  Cimarron;  100  feet  below  top  of  Pierre  shale. 

6556.  Point  of  mesa  northwest  of  Cimarron,  N.  Mex.; 
200  feet  below  top  of  Pierre  shale. 

6559.  Cerrosoao  Canyon,  N.  Mex.;  about  100  feet  below 
top  of  Pierre  shale. 

6561.  Point  of  mesa  west  of  Cimarron;  400  to  500  feet 
below  top  of  Pierre  shale. 

6562.  Point  of  mesa  between  Cerrososo  and  Van  Brem- 
mer  canyons,  N.  Mex.;  near  top  of  Pierre  shale. 

6564.  'SoTth  wall  of  Van  Bremmer  Canyon,  N.  Mex., 
about  a  mile  from  its  mouth;  near  top  of  Pierre  shale. 

5606.  Western  slope  of  Saltpeter  Mountain,  about  4 
miles  southeast  of  Dawson,  N.  Mex.;  near  top  of  Pierre 
shale. 

5735.  Half  a  mile  north  of  Koehler,  N.  Mex.;  near  top 
of  Pierre  shale. 

5602.  Red  River  Peak,  N.  Mex.;  400  feet  below  top  of 
Pierre  shale. 

5598  and  8355.  Raton,  N.  Mex.;  50  feet  below  top  of 
Pierre  shale. 

8356.  Brickyard  at  Raton,  N.  Mex.;  about  150  feet  below 
top  of  Pierre  shale. 

8358.  Koehler,  N.  Mex.,  in  Trinidad  sandstone. 

6679.  Vermejo  Park,  N.  Mex.,  at  the  Bartlett  ranch; 
several  hundred  feet  below  top  of  Pierre  shale. 

6514.  Vermejo  Park,  N.  Mex.,  2  miles  north  of  Vermejo 
post  oflSce;  about  100  feet  below  top  of  Pierre  shale. 
(Collected  by  T.  W.  Stanton.) 

5730.  Vermejo  Park,  N.  Mex.,  near  eastern  extremity, 
in  the  north  wall;  at  top  of  Pierre  shale. 

5731.  Vermejo  Park,  N.  Mex.,  near  eastern  extremity; 
about  300  feet  below  top  of  Pierre  shale. 

5732.  Eastern  extremity  of  Vermejo  Park,  N.  Mex.; 
near  top  of  Pierre  shale. 

5668.  Three  miles  southeast  of  Trinidad,  Colo.;  100  feet 
below  top  of  Pierre  shale. 

6510.  One  mile  northeast  of  Trinidad,  Colo.,  in  a  rail- 
road cut,  several  himdred  feet  below  top  of  Pierre  shale. 

6511.  About  2  miles  northeast  of  Trinidad,  Colo.;  sev- 
eral hundred  feet  below  top  of  Pierre  shale. 

6512.  One  mile  south  of  Bowen,  Colo.;  near  top  of 
Pierre  shale. 


5565.  One  mile  south  of  Bowen,  Colo. ;  150  feet  belo^ 
of  Pierre  shale.    (Collected  by  G .  B .  Richardson 's  par 

5565a.  Same  locality  as  5565;  275  feet  below  to 
Pierre  shale.    (Collected  by  G.  B.  Richardson's  part: 

5667.  Shale  quarry,  2  miles  north  of  Trinidad,  C 
60  feet  below  top  of  Pierre  shale.  (Collected  by  G 
Richardson's  party.) 

5591 .  One  and  three-fourths  miles  east  of  Monson,  C 
500  feet  south  of  Santa  Clara  Creek;  in  upper  part  of  P 
shale.    (Collected  by  G.  B.  Richardson's  party.) 

5592.  Two  and  one-foiulh  miles  east  of  Monson,  C 
south  of  Santa  Clara  Creek;  in  upper  part  of  Pierre  si 
(Collected  by  G.  B.  Richardson's  party.) 

6557.  Point  of  mesa  northwest  of  Cimarron,  N.  \ 
in  slide  rock;  at  base  of  Trinidad  sandstone. 

6558.  Ponil  Canyon,  N.  Mex.,  a  mile  east  of  the  for 
the  canyon;  in  Trinidad  sandstone. 

6563.  Van  Bremmer  Canyon,  N.  Mex.,  a  mile  froi 
mouth,  in  slide  rock;  at  base  of  Trinidad  sandstone. 

6565.  North  wall  of  Van  Bremmer  Canyon,  N.  ] 
(same  locality  as  6564);  at  top  of  Trinidad  sandstone 

6566.  Point  of  mesa  northeast  of  Saltpeter  Mountai 
locality  28,  in  slide  rock;  at  base  of  Trinidad  sandsi 

5599.  One  mile  south  of  Raton,  N.  Mex.;  in  Trio 
sandstone. 

6734.  Eastern  extremity  of  Vermejo  Park;  near  t 
Trinidad  sandstone. 

5727.  Vermejo  Park,  N.  Mex.,  at  mouth  of  Spring 
yon,  in  Trinidad  sandstone. 

6517.  Vermejo  Park,  N.  Mex.,  lialf  a  mile  southes 
Vermejo  post  office;  near  top  of  Trinidad  sands 
(Collected  by  T.  W.  Stanton.) 

5728.  South  of  San  Francisco  Pass,  N.  Mex.,  at  loc 
129;  from  top  of  Trinidad  sandstone  or  base  of  Ver 
formation. 

5590.  Railroad  cut  half 'a  mile  east  of  Pryor  mine. 
Rouse,  Colo.;  in  lower  part  of  Trinidad  sandstone, 
lected  by  G.  B.  Richardson's  party.) 

Cimarron  has  been  known  as  a  proUfic  f< 
locality  since  1876,  when  O.  H.  St.  John 
lected  a  large  number  of  invertebrates,  a 
of  which  was  later  published  by  Whii 
St.  John's  locaUty  is  not  given  very  definil 
but  a  comparison  of  the  species  in  White's 
with  those  collected  by  the  writer  near  Cii 
ron  from  the  upper  part  of  the  Pierre  s 
(see  table,  pp.  45-46)  shows  that  the  two  co 
tions  came  from  essentially  the  same  hori 
St.  John's  list  is  given  below  for  compariso: 

Fossils  collected  by  0.  H.  St.  John  near  Cimarron,  N, 

Caryophyllia  johannis  White. 
Ostrea  congesta  Conrad? 
Ostrea  sp. 
Anomia  sp. 

1  This  party  was  made  up  of  O.  B.  Richardson,  J.  H.  Oardnerj 
Winchester,  and  J.  B.  Mertie. 
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Camptonectes  sp. 

Pteria  linguiformis  Evans  and  Shumard. 

Inoceramus  barabini  Morton. 

Inoceramus  vanuxemi  Meek  and  Hayden. 

Inoceramus  erectus  Meek? 

Crassatella  (Pachythaerus)  cimarronensis  White? 

Trapizium  sp. 

Idonearca  shumardi  Meek  and  Hayden. 

Callista  pellucida  Meek  and  Hayden. 

Teredo?  sp. 

Anisomyon  alveolus  Meek  and  Hayden. 

Margarita  sp. 

Lunatia  sp. 

Turritella  sp. 

Aporrhais  biangulata  Meek  and  Hayden. 

Spironema  sp. 

Pyramidella  sp. 

Turbonilla  (Chemnitzia)  sp. 

Fasciolaria  (Piestochilus)  sp. 

BacuUtes  ovatus  Say. 

Scaphites  nodosus  Owen? 

Placenticeras  placenta  De  Kay. 

Serpula  sp. 

White  states  in  his  report**  that  these 
fossils  indicate  Fox  Hills  age,  but  Fox  Hills, 
as  he  then  (1879)  used  the  term,  included  the 
Pierre  shale.  Twenty  years  later  (1899)  R.  C. 
Hills*"  referred  the  Trinidad  sandstone  to 
the  Fox  Hills.  It  seems  proper,  therefore,  to 
call  attention  here  to  the  fact  that  the  Fox 
Hills  of  White  is  not  the  Trinidad  sandstone 
but  the  upper  part  of  the  shale  which  under- 
lies this  sandstone  and  which  now  is  called 
Pierre. 

TRINIDAD  SAimSTOKS. 

Dxnvmov. 

The  Trinidad  sandstone  was  first  described 
as  a  formation  in  1899  by  R.  C.  Hills,  "*  who 
defined  it  from  the  coal  field  lying  east  of  Trini- 
dad, Colo.,  as  a  Ught-gray  sandstone  70  to  80 
feet  thick  (called  ''Upper  Trinidad")  and  a 
series  of  thin  layers  of  sandstone  and  shale 
about  75  feet  thick  (called  *' Lower  Trinidad''). 
The  rocks  persist  with  sUght  variation  through- 
out the  Trinidad  coal  field  and  over  much  of 
the  Raton  field,  but  the  definition  requires 
modification  before  it  appUes  to  the  Trinidad 
sandstone  of  the  southern  part  of  the  Raton 
field.  The  ^'Upper  Trinidad"  of  ffills  had  pre- 
viously been  included  in  the  coal  measures,  as 
the  similar  sandstone  in  the  Denver  Basin  *^' 
is  included  at  the  present  time,  and  was  some- 
times called  the  basal  sandstone  of  the  coal  meas- 
ures and  sometimes  the  Halymenites  sandstone 


because  of  the  great  number  of  Halymenites 
major  Lesquereux  that  it  contains. 

The  ** Lower  Trinidad"  of  Hills  is  a  group  of 
transitional  beds,  a  few  feet  to  200  feet  or  more 
in  thickness,  that  separate  the  typical  Pierre 
shale  from  the  massive  ** Upper  Trinidad" 
sandstone.  It  consists  of  thin  layers  of  dark- 
gray,  fine-grained  sandstone,  alternating  with 
layers  of  shale  that  differ  but  little  from  the 
underlying  Pierre  shale.  It  is  not  clearly 
separable  from  the  underlying  shale,  either  in 
its  physical  character  or  in  its  f aunal  relations, 
the  variation  in  thickness  being  due  mainly  to 
the  irregularity  of  the  base,  whUe  its  separa- 
tion from  the  overlying  massive  sandstone  is 
usually  rather  sharp.  It  is  doubtful  whether 
the  transitional  beds  should  be  included  in  a 
formation  with  the  overlying  sandstone  or 
regarded  as  a  part  of  the  underlying  shale. 
However,  for  the  purpose  of  this  paper  Trinidad 
sandstone  is  used  to  designate  the  massive 
sandstone  or  ''Upper  Trinidad"  of  Hilb,  and 
the  sandy  series  or  ''Lower  Trinidad"  is  caUed 
the  transitional  zone  and  is  included  in  the  top 
of  the  Pierre  shale. 

CHABACTE&  AVD  COATUiUITV. 

The  Trinidad  sandstone  as  thus  defined  is  a 
massive  feldspathic  sandstone,  usually  harder 
than  the  rocks  immediately  above  and  below 
it,  so  that  in  the  eastern  parts  of  the  Raton 
Mesa  region,  where  the  rocks  are  nearly  hori- 
zontal, it  forms  a  conspicuous  shelf.  (See  PL 
XIV,  Ay  p.  125.)  Many  other  illustrations  in 
tlus  paper  (particularly  PI.  Ill,  p.  38)  show 
the  characteristic  appearance  of  this  sandstone. 
Along  the  western  margin  of  the  field  where 
the  rocks  are  upturned  the  Trinidad  does  not 
form  a  conspicuous  topographic  feature  because 
of  the  dominating  influence  of  harder  rocks 
stratigraphically  above  it ;  and  in  the  northern 
part  of  the  Trinidad  field  it  does  not  form  a 
conspicuous  cUff.  It  is  well  known  throughout 
the  Trinidad  field,  and  there  is  little  doubt  that 
it  constitutes  a  single  continuous  stratum  of 
rock.  But  this  can  not  be  asserted  for  the 
Trinidad  sandstone  of  the  Raton  coal  field. 

At  the  northern  end  of  the  Raton  field  the 
Trinidad  Ls  as  conspicuous  os  it  is  at  its  type 
locaUtv  near  Trinidad,  but  it  is  not  so  well 
known  over  wide  areas  because  mining  devel- 
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opment  has  not  been  so  extensively  carried  on 
as  in  the  Trinidad  field.  The  cliff-making 
sandstone  in  the  vicinity  of  Raton  is  obviously 
the  same  as  the  Trinidad  of  the  type  locaUty, 
and  this  has  been  traced  as  a  practically  con- 
tinuous layer  southward  beyond  Dawson  a  dis- 
tance of  40  miles  or  more.  South  of  Dawson, 
however,  the  chff  that  farther  north  is  formed 
in  most  places  by  a  single  mass  of  sandstone 
consists  of  two  sandstones  separated  by  a  thm 
shale,  which  thickens  toward  the  south,  becomes 
carbonaceous,  and  finally  includes  a  bed  of 
coal.  The  upper  sandstone  also  changes  in 
character  toward  the  south,  becoming  soft  and 
shaly  in  some  places,  so  that  it  does  not  form 
a  part  of  the  *'  Trinidad  cliff."  The  lower  sand- 
stone, on  the  other  hand,  increases  in  thickness 
and  becomes  the  ' '  Trinidad  chff '  ^ .  of  the 
southern  part  of  the  field.     (See  PI.  IV.) 

The  sandstone  chff  is  so  conspicuous  through- 
out the  Raton  field,  so  uniform  in  character, 
and  with  few  exceptions  so  well  exposed,  that 
heretofore  it  has  been  regarded  as  a  perfectly 
continuous  formation.  A  coal  bed  usually 
occurs  a  few  feet  above  it,  which,  in  the  north- 
em  part  of  the  field,  where  mining  has  been 
carried  on  somewhat  extensively,  is  known  as 
the  Raton  coal  bed.  South  of  Dawson,  where 
no  mining  and  httle  prospecting  has  been  done, 
the  first  coal  above  the  sandstone  cliff  is  locaDy 
called  the  Raton  bed  on  the  assumption  that 
it  is  the  same  coal  that  occurs  above  the  cliff  in 
the  northern  part  of  the  field..  Because  of  this 
usage  the  relations  may  be  described  in  greater 
detail  than  would  otherwise  be  necessary. 

Several  of  the  sections  measured  south  of 
Dawson  in  the  critical  area  where  the  change 
occiu^  have  been  plotted  to  the  same  scale 
and  grouped  in  Plate  IV  in  such  manner  as  to 
illustrate  the  relations  of  the  two  members  of 
the  Trinidad  sandstone  to  each  other  and  to 
the  neighboring  formations.  The  upper  group 
of  this  plate  shows  the  correlation  of  the  sec- 
tions which  the  author  regards  as  correct.  The 
lower  group  shows  the  same  sections  arranged 
in  accordance  with  the  conception  that  has 
prevailed  heretofore  but  which  the  author 
r^ards  as  erroneous.  Apparently  the  error 
has  ])een  due  to  the  impression,  which  the 
writer  formerly  shared,  that  the  sandstone 
cliff  was  in  reality  as  contmuous  as  it  appears 
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to  be  from  a  distance,  and  that  the  lowesi 
in  all  parts  of  the  field  represented  essen 
the  same  bed.  However,  this  groupii 
shown  to  be  imtenable  in  the  vicinity  of 
Canyon  (sections  12  to  15,  PI.  TV),  wher 
chff  consists  of  tw^o  sandstones  about  eq 
thick,  both  of  which  contain  Halynii 
major  Lesquereux  and  which  are  separate 
the  thin  bed  of  coal  previously  referred  to 
was  in  this  canyon  that  Stevenson^  f 
a  Cardium  above  the  lowest  bed  of  coal 
tracing  this  coal  bed  northward,  however 
found  to  become  thin  and  finally  disap 
Also  the  lower  sandstone  thins  to  the  nortl 
finally  disappears  while  the  upper  one  thic 
Ther^  are  places  in  this  critical  area  bet 
Ponil  Canyon  and  Dawson  in  which  the 
can  not  be  followed  continuously  at  the 
crop  on  account  of  brush  and  slide  rock 
the  evidence  at  hand*  indicates  that  the  { 
stone  of  the  Trinidad  cliff  of  the  southern  pi 
the  Raton  field  thins  out  south  of  Dawson 
locahty  20  and  that  it  is  shghtly  older  tha 
Trinidad  sandstone  farther  north;  and  fu 
that  the  lowest  coal  bed  south  of  Ponil  Ca 
(locahties  8  to  13,  inclusive)  is  older  tha: 
lowest  coal  farther  north  Gocahties  17  t 
inclusive).  Furthermore,  south  of  Ponil 
yon  Qocahties  8  to  13)  there  is  above  the  1( 
coal  a  zone  of  coal-bearing  shale  that  seei 
be  the  southward  e;ctension  of  the  Rat( 
lowest  coal  bed  farther  north.  It  follow 
exact  horizons  are  traced,  that  the  Trii 
sandstone  of  the  southern  part  of  the  It 
coal  fiejd  is  not  the  exact  equivalent  o1 
Trinidail  sandstone  of  the  type  locahty. 
transitional  beds  below  the  Trinidad  of 
southern  end  of  the  field  probably  corres 
in  age  with  the  top  of  the  Pierre  shale  fa 
north;  the  chff-making  sandstone  to  the 
sitional  beds;  and  the  lowest  coal-bearing : 
of  the  south  to  the  massive  Trinidad  i 
stone  of  the  type  area.  These  relations  arc 
shown  by  the  correlation  lines  in  Plate  IV 
The  cliff-making  sandstone  in  all  parts  c 
Raton  Mesa  region  represents  the  last  sta 
the  filling  of  the  Cretaceous  sea,  and  the 
measures  above  this  sandstone  represem 
swamp  conditions  that  prevailed  after  tl 
treat  of  the  sea.  According  to  the  some 
general  usage  heretofore    employed    the 
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making  sandstone  is  here  referred  to  the  Trini- 
dad and  the  coal  beds  to  the  Vennejo,  even 
though  it  be  known  that  the  lower  part  of  the 
Vermejo  at  the  southern  end  of  the  Raton  field 
is  the  exact  equivalent  in  time  of  the  Trinidad 
sandstone  farther  north. 

AGE. 

The  geologic  age  of  the  Trinidad  sandstone 
has  been  a  matter  for  considerable  speculation, 
and  it  is  doubtful  whether  it  is  yet  beyond  the 
speculative  stage.  By  some  geologists  it  has 
been  r^arded  as  Fox  Hills  because  of  its  strati- 
graphic  position  between  the  Pierre  shale  and 
the  coal-bearing  rocks  which  heretofore  have 
been  referred  to  the  Laramie.  In  the  Ehnoro 
foUo,  pubhshed  in  1899,  Hills  *«  states  that  '4t 
is  uncertain  what  part  of  the  Fox  Hills  group 
*  *  *  is  represented**  by  the  Trinidaii;  in 
the  Walsenburg  foUo,"'  published  a  year  later, 
he  states  that  it  *^  probably  corresponds  to  the 
upper  portion  of  the  Fox  Hills  formation*' ;  and 
in  the  Spanish  Peaks  foho,"*  pubhshed  in 
1901,  he  states  that  ''the  Trinidad  sandstone 
[note  change  from  formation]  represents  some 
part,  or  possibly  the  whole,  of  the  Fox  Hills 
group,  but  on  account  of  its  relation  to  the 
Laramie  [Vermejo  and  Raton  formations  of  the 
present  paper],  and  the  thickening  of  the  lower 
zone  of  the  formation  northward,  it  is  presimi- 
ably  the  upper  portion  only."  The  only  direct 
evidence  of  age  offered  by  Hills  is  an  unde- 
termined species  of  Ba^mlites  from  the  so-called 
''Lower  Trinidad"  and  the  Halymenites  major 
Lesquereux,  then  supposed  to  be  a  character- 
istic Fox  HiUs  fossil,  from  the  so-called  **  Upper 
Trinidad." 

G.  B.  Richardson,  in  1910,*^  followed  Hills*s 
later  usage  and  described  the  Trinidad  sand- 
stone as  consisting  of  an  upper  massive  mem- 
ber and  a  lower  thin-bedded  member  and 
collected  from  it  several  fossils  named  in  the 
following  list.  With  the  exception  of  Ilaly- 
menites  major  Lesquereux,  Richardson's  fossils 
came  from  the  ''Lower  Trinidad,**  or  the  transi- 
tional zone  of  this  paper.  Those  in  the  same 
list  from  the  Raton  field  came  from  the  massive 
sandstone  of  the  southern  part  of  the  field, 
which,  although  there  called  Trinidad  sand- 
stone, is  probably  the  exact  time  equivalent 
of  the  "Lower  Trinidad**  or  transitional  beds  of 
the  Trinidad  field,  as  has  just  been  explained. 


Fossils  from  the  Trinidad  sandstone  and  underlying  (ronfi- 

tional  beds. 

[Identified  by  T.W.Stanton.    For  de8criptiaiisoriocalitle8,9eepp.6A-161.] 

Anomia?  sp.' 

Avicula  nebrascana  Evans  and  Shomard.- 

Chlamya  nebrascensis  Meek  and  Hayden.' 

Inoceramus  barabini  Morton.^ 

Inoceramus  sagenslB  Owen.' 

Inoceramus  sp.* 

Legumen?  sp.* 

Mactra  warrenana  Meek  and  Hayden?' 

Mactra  sp.' 

Mytilus?  sp.* 

Ostrea  pellucid  a  Meek  and  Hayden.' 

Ostrea  sp.' 

Panopaea?  sp:* 

Tancridia  americana  Meek  and  Hayden.' 

Tellina  scitula  Meek  and  Hayden.^ 

Tellinasp.* 

Tellina?  sp.* 

Fish  bones  and  scales.* 

Halymenites  major  Lesquereux.' 

These  fossils  would  be  included  in  a  list  of 
Fox  Hills  species,  but  they  do  not  give  con- 
clusive evidence  of  Fox  Hills  age.  Halymen^ 
ites  major  Lesquereux  occurs  in  the  Fox 
HiUs,  but  it  has  also  been  found  in  rocks  that 
are  much  older  than  Fox  Hills.  Stanton,  who 
identified  the  invertebrates,  states  that  some 
of  them,  such  as  Avicula  nebrascanaj  Inocera- 
mus barabinij  and  Inoceramus  sagensis,  have  a 
wide  range  in  time,  while  others,  such  as 
Ostrea  peUuddaj  Chlamys  nehrascensis,  and 
Ma^ira  warrenana,  are  more  restricted  and  are 
known  only  in  the  upper  part  of  the  Pierre  and 
in  the  Fox  Hills.  Of  the  eight  forms  specific- 
ally identified,  six  range  downward  into  the 
Pierre,  leaving  only  two,  one  of  which  is 
doubtfully  identified,  that  occur  only  in  the 
Trinidad.  Evidence  presented  later  (p.  168) 
tends  to  correlate  the  Vermejo  of  the  Canon 
City  field  with  the  Fox  Hills  and  to  place  the 
Trinidad  well  down  in  the  Montana.  Evidence 
from  the  fossiis  found  in  the  Raton  Mesa  re- 
gion has  the  same  tendency.  On  the  whole, 
the  fossils  of  the  Trinidad  sandstone  indicate 
that  its  age  is  upper  Montana  but  apparently 
are  not  sufficient  for  more  exact  correlation. 
However,  inasmuch  as  the  Trinidad  sandstone 
Ucs  beneath  the  Vermejo  formation,  whose 
fossils  prove  its  Montana  age,  it  seems  probable 

»From  Raton  field  (collected  from  the  massive  sandst?no  or  Trinidad 
proper). 

"From  Trinidad  field  (collected  principally  from  the  traositJonal  sone 
which  is  now  included  in  the  Pierre). 

'From  Raton  and  Trinidad  fields. 
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that  the  Trinidad  should  be  placed  as  far  down 
in  the  time  scale  as  the  lower  part  of  the  Fox 
Hills,  if  not  somewhat  lower. 

TBBMSJO  FORMATION. 
NAME  AND  TYPE  SECTION. 

The  name  Vermejo  formation  was  originally 
proposed,  for  use  in  this  paper,  for  .the  coal 
measures  lying  immediately  above  the  Trini- 
dad sandstone,  but  owing  to  delay  in  the  com- 
pletion of  the  paper  the  name  was  first  used 
elsewhere,*'®' ^'  the  formation  being  correla- 
ted according  to  the  evidence  herein  presented. 
This  was  permitted  because  it  seemed  desir- 
able to  use  the  principal  conclusions  without 
waiting  for  the  detaas. 

The  Vermejo  formation  consists  of  coal- 
bearing  sandstone  and  shale,  principally  of 
fresh-water  origin.  The  type  locality  of  the 
formation  is  in  Vermejo  Park,  N.  Mex.,  where 
the  rocks  are  well  exposed  and  have  a  maxi- 
mum thickness  of  about  375  feet.  Three  sec- 
tions were  measured  in  Vermejo  Park  at  locali- 
ties 123,  124,  and  125  (see  pp.  143-146).  The 
rocks  are  better  exposed  at  locality  123  than 
they  are  in  the  other  places,  and  this  may  be 
regarded  as  the  type  locaUty  of  the  Vermejo 
formation.     The  section  is  as  follows: 

Section  of  rocks  measured  at  locality  123,  at  the  sotUheastern 
extremity  of  Vermejo  Parky  N.  Mex, 

[For  graphic  section  see  PI.  XXII,  p.  164.) 

Raton  formation:  Ft.    in. 

Conglomerate  (top  eroded  away) 20-f 

Unconformity.  ===== 

Vermejo  formation : 

Coal 3       0 

Shale,  black,  carbonaceous  at  top 3       0 

Sandstone,  yellow,  massive,  fine  grained, 
containing  Ficus  speciosissima  Ward, 
Pterospermites  unduLatus  Knowlton,  Se- 
qvma  obovata  Knowlton,  Sabal  Tnon- 
tana  Knowlton,  Zizyphits  paliurifolius 

Knowlton 10        0 

Covered..... 33        0 

Shale,  drab,  somewhat  sandy 22       0 

Coal 6        0 

Sandstone  and  shale,  not  continuously 

exposed 44        0 

Sandstone,  white,  massive,  very  friable..        24        0 
Coal  (streak). 

Shale,  drab 13       0 

Sandstone,    yellow    to   white,    massive, 

coarsegrained 11        0 

Shale,  very  sandy 12        0 

Sandstone,     yellowish    white,    massive, 

coarse  grained,  foesiliferous 12        0 

Coal 10 


Vermejo  formation — Continued. 

Shale,  sandy,  with  thin  sandstone 

Coal 

Shale,  sandy 

Coal 

Shale,  yellow,  sandy 

Coal 

Shale,  drab 

Coal 

Shale,  drab 

Sill  of  igneous  rock,  much  altered,  con- 
tains coke 

Coal,  altered  to  coke  at  top 

Not  exposed 

Coal 

Sandstone,  shaly,  friable 

Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale  (possibly  including  rocks  older  than 
Pierre;  lower  2,300  feet  penetrated  by 
drill).  Near  the  top  were  found  Ancy- 
loceras  sp.,  Inoceramus  barabini  Morton, 
Tnoceramtis  sagensis  OweHf  Inoceramus 
vanuxemi  Meek  and  Hayden,  Mactra 
sp.,  Ostrea  patina  Meek  and  Hayden, 
Scaphites  nodostts  Owen 2 

3 

The  Vermejo  formation  rests  conf< 
on  the  Trinidad  sandstone  and  there  s 
have  been  no  time  break  between  th( 
most  places  the  lowest  bed  of  the  Vei 
shale,  and  the  line  of  separation  bet 
and  the  Trinidad  sandstone  can  be 
definitely,  but  where  the  lowest  bed 
stone,  as  at  locality  123  (p.  143),  exact 
cation  is  not  easy,  although  the  doubt 
is  in  few  places  more  than  a  few  fee 
The  upper  limit  of  the  Vermejo  form 
well  marked,  and  the  massive  basal  coi 
ate  of  the  Raton  formation  rests  unconf 
on  it.  At  locality  123  the  conglomen 
on  coal,  but  a  few  hundred  feet  away 
on  shale,  and  still  farther  away  on  sai 

THICKNESS  AND  EXTENT. 

The  Vermejo  formation  has  its 
observed  thickness  in  the  western  par 
Raton  Mesa  region  near  the  interstate  b 
and  thins  toward  the  south,  the  east, 
north.  All  of  the  sections  measured 
central  western  part  of  the  region  sho\^ 
erable  thicknesses  of  it  (see  PI.  XVII, 
but  it  reaches  a  maximum  of  nearly  40 
ComeB,  Colo.  Oocality  133,  PI.  I,  m 
Between  this  locality   and  Spanish  1 
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distance  of  20  miles,  the  thickness  does  not 
vary  greatly,  but  north  of  Spanish  Peaks  it 
thins  sharply  to  a  mhiimuin  observed  thickness 
of  about  31  feet  on  Cuchara  River.  (See  fig. 
9,  p.  158.) 

Toward  the  south  the  Vermejo  formation  was 
not  found  in  Van  Bremmer  Park,  possibly  be- 
cause of  the  absence  of  good  exposures;  and  it 
was  not  observed  for  about  7  miles  to  the  south- 
Beyond  this  to  Baldy  Peak  (locality  1 ,  PL  I ) 
the  exposures  are  good  and  the  Vermejo  does 
not  occur;  and  from  Baldy  Peak  to  locality  4, 
in  Ute  Park,  a  distance  of  about  6  miles,  no 
rocks  that  can  be  referred  to  it  were  found. 
In  Ute  Park  the  Vermejo  appears  as  a  wedge 
that  bhintly  thickens  to  150  feet  or  more  hi 
Cimarron  Canyon.  Thence,  northeastward 
along  the  edge  of  the  Raton  field,  its  thickness 
is  variable,  as  shown  in  detail  in  Plate  V  (p.  56). 
It  thins  and  disappears  east  of  Koehler  and  was 
not  found  at  the  outcrop  between  Koehler  and 
Van  Ilouten  but  is  present  a  little  farther  to 
the  west,  where  it  is  exposed  in  the  canyons 
and  where  it  was  penetrated  by  drill  and  in 
mme  shafts.  It  is  absent  from  Red  River  Peak 
but  is  present  farther  north,  where  it  was  ob- 
served in  the  canyon  walls,  mine  prospects,  etc. 
East  of  Raton  it  thins  out  and  has  not  been 
observed  in  the  Raton  field  east  of  locality  81. 

In  the  Trinidad  field  the  easternmost  locality 
m  which  the  Vermejo  was  recognized  is  in  San 
Francisco  Canyon  Gocality  94).  Farther  east 
the  outcrop  is  obscured  by  brush.  From  local- 
ity 94  westward  it  gradually  increases  in  thick- 
ness to  a  maximum  of  more  than  200  feet  but 
is  irregular  (see  PI.  XII,  p.  118),  reaching  a 
minimum  at  Bowen,  Colo,  (locality  109),  of  less 
than  50  feet.  North  of  Bowen  it  is  less  varia- 
ble.    (SeePl.  XV,  p.  132.) 

CHAKACTZB. 

Sandstone. — ^Thc  sandstones  of  the  Vermejo 
formation  ordinarily  do  not  form  promuient 
topographic  features.  In  the  northern  part  of 
the  Trinidad  field  a  cliff-making  sandstone 
occurs  near  the  middle  of  the  Vermejo  (see  PI. 
XVI,  ^,  p.  136),  and  farther  south  there  is  a 
sandstone  at  about  the  same  horizon  that  Hills 
has  called  the  "parting  sandstone.'^  But  m 
most  places  throughout  the  Raton  Mesa  region 
the  sandstones  of  the  Vermejo  are  soft  and 
friable  and  disintegrate  about  as  readily  as  the 
shale  that  is  associateil  with  them.     In  many 


places,  although  the  sandstones  seem,  when 
fresh,  to  be  well  consolidated,  they  weather 
readily  to  a  loose  granular  mass.  Attempts  to 
use  these  sandstones  as  building  material  have 
failed  because  of  their  rapid  disintegration.  In 
general  appearance  they  do  not  differ  notably 
from  the  underlynig  Trinidad  sandstone,  and  in 
the  southern  part  of  the  Raton  field  those  in 
the  lower  part  of  the  Vennejo  can  not  be  dis- 
thiguished  readily  from  the  Trinidad.  The 
sandstones  are  usually  light  gray  in  color,  and 
although  they  are  doubtless  somewhat  lenticu- 
lar the  lenses  are  so  broad  and  thin  that  the 
observer  receives  tlie  impression  that  the  bed- 
ding is  verj^  regular.  In  some  places  it  con- 
trasts sharply  with  the  obviously  lenticular 
character  of  some  of  the  sandstones  in  the  over- 
lying Raton  formation. 

Shale, — In  most  places  the  Vermejo  consists 
principally  of  shale  and  shaly  sandstone,  much 
of  which  is  carbonaceous  and  in  which  are  found 
numerous  seams  or  thhi  beds  of  coal.  This 
shale  varies  in  color  from  coal  black  through 
various  shades  of  buff  and  tan.  No  doubt  the 
different  layers  of  shale,  as  well  as  those  of 
sandstone,  are  lenticular,  although  few  distinct 
lenses  have  been  traced  out.  If  it  be  granted 
that  the  thicknesses  of  the  rocks  and  their 
descriptions  in  these  sections  and  records  are 
correct,  it  seems  necessary  to  assume  lenticu- 
larity.  This  character  becomes  obvious  when 
an  attempt  is  made  to  correlate  individual 
members  of  sections  and  of  drill  records. 
However,  because  most  of  the  sandstones  are 
shaly  and  most  of  the  shales  are  sandy,  and 
because  no  two  observers  would  describe  them 
in  exactly  the  same  terms,  the  descriptions  both 
of  the  drill  records  and  of  the  sections  measured 
at  the  surface  are  likely  to  show  greater  varia- 
tions than  actually  exist. 

Coal, — Coal  beds  occur  at  many  horizons, 
throughout  the  Vermejo  formation.  Indeed, 
they  are  so  numerous  in  some  places  that  it  is 
difficult  definitely  to  correlate  those  of  contigu- 
ous locaUties  unless  the  individual  beds  are 
actually  traced  at  the  outcrop  or  unless  care- 
fidly  measured  sections  and  driQ  prospects  are 
made  close  togethcT.  The  coal  beds  probably 
furnish  the  most  reliable  data  in  explanation  of 
the  variations  in  thickness  of  the  Vermejo. 
Tliere  seem  to  be  good  reasons  for  believing 
that  the  Vermejo  coals  were  formed  in  swamps 
lying  little  above  sea  level,  and  that  a  bed  of 
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coal  represents  a  surface  that  was  practically 
level  during  the  time  that  the  vegetable  matter 
from  which  the  coal  was  formed  was  accmnu- 
lated.  This  conception  scarcely  admits  of  the 
postulate  of  extreme  lenticularity  of  the  Ver- 
mejo  beds,  and  where  sections  of  this  formation 
measured  close  together  differ  notably  in  thick- 
ness and  in  the  niunber  of  the  coal  beds  these 
differences  may  be  due,  at  least  in  part,  to  re- 
moval of  the  higher  beds  during  post-Vermejo 
erosion  rather  than  to  extreme  lenticidarity, 
which  seems  to  be  a  necessary  assumption  in 
case  erosion  be  not  admitted. 

On  the  other  hand,  it  is  perfectly  well  estab- 
lished that  some  of  the  bodies  of  sandstone  and 
shale  are  in  the  form  of  broad  lenses  and  that 
some  of  the  coal  beds  also  are  lenticular  and 
that  others  coalesce  to  form  a  single  bed.  There 
are  beds  of  coal  that  have  been  worked  in  mines 
or  prospected  along  the  outcrop  to  points  where 
they  were  too  thin  to  be  worked  profitably. 
There  are  many  places  where  shale  or  sand- 
stone partings  in  the  coal  increase  laterally 
to  considerable  proportions.  Richardson*** 
has  described  a  notable  instance  where  a 
thick  bed  of  coal  is  spht  into  two  thinner  beds 
which  in  less  than  half  a  mile  became  separated 
by  30  feet  of  sandstone  and  shale.  No  doubt 
many  similar  cases  will  be  foimd  as  mining 
progresses,  but  where  one  notable  exception  of 
this  kind  is  found  there  are  probably  scores  of 
places  where  the  coal  beds,  although  somewhat 
variable  in  thickness,  are  continuous  for  long 
distances  and  where  the  intervals  between  them 
are  relatively  regular.  Decision  of  the  ques- 
tion whether  the  coal  beds  of  the  Vermejo  are 
more  lenticular  than  those  of  other  fields  must 
await  a  much  more  detailed  study  than  has 
yet  been  given  them,  but  from  such  facts  as  are 
now  known  it  seems  probable  that  although  the 
variations  in  the  thickness  of  the  Vermejo  for- 
mation and  in  the  number  of  the  coal  beds  may 
be  due  in  some  measure  to  the  lenticularity  of 
the  beds,  it  is  due  in  many  places  to  erosion 
following  the  deposition  of  these  beds — that  is, 
to  post-Cretaceous  erosion. 

Summary, — In  general,  the  Vermejo  forma- 
tion consists  of  shale,  much  of  which  is  car- 
bonaceous; high-grade  coking,  bituminous  coal, 
and  light-gray,  friable,  granular  sandstone. 
Except  for  differences  in  induration  the  for- 
mation is  relatively  uniform  in  character 
throughout  the  Raton  Mesa  region,  in  this  re- 


spect contrasting  sharply  with  th 
Raton  formation,  which  varies  ii 
from  place  to  place  and  is  notably  < 
the  mountains  in  the  western  part  c 
Mesa  region  than  in  the  eastern  pa 

The  general  differences  betweec 
formations  is  perhaps  best  describes 
the  writer's  conception  of  their  ori^ 
rocks  of  the  Raton  formation  cor 
of  thick  beds  of  sandstone  and  c( 
near  the  moxmtains  and  become  1 
the  material  finer  away  from  the 
(see  p.  58),  it  seems  obvious  tha 
ments  were  derived  from  the  area 
now  occupied  by  the  southern  part  c 
Moxmtains  and  at  no  great  distance 
present  resting  place.  In  mark< 
with  this  the  sediments  of  the  Ven 
tion  were  obviously  derived  from 
either  so  low  lying  or  at  such  a  di: 
the  Raton  Mesa  region  that  no  mati 
than  sand  of  medium-sized  grain 
way  into  them.  The  imiform  char 
rocks  throughout  a  region  50  mil 
west  and  90  miles  north  and  sou 
the  probability  that  the  source  of  th 
was  far  away.  It  may  seem  on  fi 
that  as  the  Vermejo  formation  is 
the  western  part  of  the  region  and  t 
the  east  the  sediments  must  have 
the  west.  However,  the  hthologi 
of  the  rocks  does  not  warrant  thij 
and  a  critical  examination  of  the  g 
tions  in  the  various  parts  of  the  regi 
prove  that  the  observed  different 
ness  are  due  principally  to  erosion. 

The  conception  as  just  stated 
mony  with  the  known  physical  coi 
isting  in  the  Rocky  Mountain  rej 
Cretaceous  time  and  with  the  cl 
inaugurated  Tertiary  time.  It  s( 
generally  conceded  by  geologists  wh 
iar  with  this  region  that  in  early 
time  the  area  now  occupied  by 
Mountains  was  one  of  very  low  r 
actually  base-leveled.  It  is  certa; 
Cretaceous  formations  extended  ori 
much  of  the  area  now  occupied  bv 
Mountains,  and  isolated  remnants  ] 
protected  parts  of  the  mountains  ii 
the  whole  area  may  have  been  su^ 
the  Cretaceous  sea."'  This  postuh 
in    agreement  with   such  data   as 
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obtained  in  the  vicinity  of  the  mountains  in 
northern  New  Mexico  and  southern  Colorado. 
The  Cretaceous  formations  are  comparable  in 
thickness  and  in  hthologic  character  on  either 
side  of  the  mountaiiid,  and  sedimentary  rocks 
above  the  Dakota  sandr^tone,  ranging  in  thick- 
ness from  1,000  to  more  than  3,000  feet,  give 
little  indication  that  they  were  derived  from 
Land  masses  in  the  liocky  Mountain  region 
rather  than  from  lands  at  greater  distances. 
As  Cretaceous  formations,  comparable  to  each 
other  in  thickness,  hthologic  character,  and 
stratigraphic  succession,  occur  on  either  side  of 
the  mountains  separated  by  less  than  90  miles, 
it  seems  reasonable  to  assume  that  they  may 
once  have  extended  continuously  over  the  area 
now  occupied  by  these  mountains.  Although 
minor  warpings  of  the  surface  may  have 
caused  differences  in  the  thickness  of  the  sedi- 
ments or  even  slight  emergences  in  some 
places  no  orogenic  disturbances  in  the  southern 
part  of  the  Rocky  Mountains  before  the  close 
of  the  Cretaceous  period  left  any  unmistakable 
imprint  in  the  stratigraphic  record.  At  the 
close  of  the  Cretaceous  came  the  first  great 
upheaval  of  the  mountains,  marked  in  this 
region  by  the  unconformity  between  the 
Vermejo  and  Raton  formations;  and  the  evi- 
dence derived  from  the  younger  rocks  indicates 
geographic  conditions  very  different  from  those 
that  prevailed  while  the  sediments  of  the 
Vermejo  were  being  deposited. 

DXBIVATIOir  or  BIDIMEVT8. 

The  question  has  been  raised  as  to  the  source 
of  the  Vermejo  sediments.  As  the  fonnation 
occurs  near  the  base  of  the  present  mountains 
there  is  a  temptation  to  regard  the  material  as 
derived  from  the  mountain  area.  But  if 
this  area  furnished  the  material  some  clear 
evidence  of  that  fact  should  be  found — and 
thus  far  it  has  not  been  found.  The  sediments 
have  essentiaDy  the  same  characteristics  in  all 
parts  of  the  Raton  Mesa  region.  The  sand- 
stones of  the  Vermejo  are  not  coarser  nor  more 
massive  near  the  mountains  than  they  are  far 
from  them;  nor  is  the  proportion  of  coarse 
material  greater  near  the  mountains  in  the 
western  part  of  the  region  than  in  the  eastern 
part.  After  comparing  the  material  in  the 
field  with  that  of  the  Raton  fonnation,  which 
was  obviously  derived  from  the  area  now 
occupied    by    the    mountains,    the    writer    is 


inclined  to  doubt  such  a  derivation  tor  the 
Vermejo  sedimentary  rocks  and  to  believe  that 
these,  like  those  of  similar  mid-Cretaceous 
formations  of  the  Rocky  Mountain  r^on, 
were  derived  from  the  continental  land  masses 
that  existed  during  Cretatwous  time  both  east 
and  west  of  the  interior  Cretaceous  sea.  This 
behef  is  strengthened  and  to  some  extent 
engendered  by  the  theory  presented  by  the 
writer  in  a  recent  paper***  that  highlands 
did  not  exist  in  the  Rocky  Mountain  region  in 
Colorado  and  New  Mexico  during  the  Upper 
Cretaceous  epoch  and  that  these  mountains 
b^an  their  existence  with  the  Tertiary, 


Aside  from  the  fossil  seaweeds,  Haiymenitea 

major    Lesquereux    and    a    Cardium "    found 

above  the  lowest  bed  of  coal  in  the  southern 

part  of  the  Raton  field,  the  fossils  thus  far 

found    in    the    Vermejo    formation   are  land 

plants.    Because  of  poor  exposures  due  to  the 

easy  disintegration  of  the  rocks  few  of  tltese 

plants  were  found  at  the  outcrop,  nearly  all  of 

the  best  collections  being  obtained  from  the 

rock  dumps  of  coal  mines,    A  Ust,  complete  so 

far  as  is  known  at  this  writing,  may  be  found 

in  the  table  below.     Plants  found  in  the  Canon 

City  field   that  will  be   described  later  are 

inserted  here  in  order  to  bring  together  tha 

whole  Vermejo  flora. 

Vermejo  flora. 

(Id  thli  aon  BTs  Included  a  fpir  sneeies  fnim  the  Trinldi 
but  as  the  TrinliUd  arul  Venncjo  reprewDt  caitiuuoi 
tba  ptenta  obvloualy  reiiresent  one  Qors.J 


Vermejo  and  BatoD  fa 


GENERAL  OEOQBAPHT  ASD  GBOLOOY. 
Vermejo  flora — Continued.  Vermejo  flora — Continued. 


to  both  Vermejo  and  RatoD  lonnatli 


*  Tb*  iMiif  Votmilo  species  loimd  In 


.anuDle  otthe  Deovet  Buin. 


4  CoTTunon  tfl  both  Vernu|oand  Tal 
POST-CBSTACEOnS  nNCONTOBMmr. 

Evidence  of  the  post-Vermejo  unconfonn 
which  the  writer  regards  as  a  part  of  the  \ 
eral  post-Cretaceous  unconformity  of  the  soi 
em  Rocky  Mountain  region,  was  ohtainct 
many  of  the  localities  described  in  detai 
other  parts  of  this  paper.  In  some  places  v 
marked  angularity  was  noted  between 
planes  of  bedding  of  the  two  formations, 
most  conspicuous  example  of  tliis  is  in 
Park,  where  the  base  of  the  Raton  forma 
transgresses  the  Vermejo  formation,  the  Ti 
dad  sandstone,  and  a  considerable  tbicknes 
Pierre  shale.  (See  PI.  V,  p.  56.)  Well-mai 
angularity  was  observed  in  Cottonwood  ( 
yon,  N.Mex.,  near  locality  48  (fig.  8,  p.  100), 
in  the  WOlow  mine  at  Van  Houten,  N.  1 
(fig.  3,  p.  96).  At  many  other  locaUtics  less  < 
spicuous  angularity  was  noted.  Howevei 
many  places  throughout  the  Raton  Mesa 
^dn  the  stratification  of  the  Vermejo  i£ 
nearly  parallel  to  that  of  the  Raton  for 
tion  that  it  is  quite  impossible  to  detem 
whether  a  slight  angidarity  marks  the  hori 
of  a  general  unconformity  or  constitutes  a  n 
local  unconformity  such  as  is  somewhat  c 
mon  in  the  younger  beds  of  the  region. 

At  many  of  the  locahties  examined  in  d( 
the  evidence  of  erosion  at  the  top  of 
Vermejo  is  unmistakable.    Certain  easily  re 
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nizable  beds,  such  as  coal,  when  traced  later- 
ally, disappear  abruptly  at  tlie  line  of  luicon- 
formity;  and  in  srtme  places  the  Vermejo 
formation  thins  sharply  or  disappears  entirely 
in  a  manner  best  explained  by  erosion.  The 
relations  of  the  Vermejo  formation  to  the 
younger  rocks  is  fully  described  on  pages  66- 
161.  The  stratigraphic  and  structural  rela- 
tions are  indicat<^d  grapliically  in  the  several 
plates  of  sections  (PI.  V;  PL  X,  p.  108;  PI.  XV, 
p.  132;  and  PI.  XVII,  p.  142),  and  can  best  be 
understood  from  study  of  these  plates. 

The  Uthology  of  the  Vermejo  formation  is  suf- 
ficiently different  from  that  of  the  Katon  for- 
mation to  indicate  to  a  close  observer,  even  with- 
out the  aid  of  other  data,  that  thev  should  not  be 
included  in  a  single  formation ;  and  this  physi- 
cal evidence  of  unconformity  is  abundantly 
supported  by  the  evidence  of  the  two  fossil 
floras,  which  are  practically  unrelated,  thereby 
showing  that  the  unconformity  represents  a 
long  interval  of  time.  They  prove,  according 
to  Knowlton,  that  the  Vermejo  formation  is 
Montana  in  age  and  that  the  Raton  formation 
is  Tertiary.  The  length  of  time  represented  by 
the  unconformity  as  indicated  by  the  fossil 
plants  is  conmiensurate  with  that  indicated  by 
the  observed  structural  relations  and  by  the 
character  of  the  basal  conglomerate  of  the  j 
Raton  formation.  (See  p.  58.)  In  short,  the 
unconformity  seems  to  represent  all  of  Laramie 
and  perhaps  some  of  late  Montana  time,  for 
rocks  of  Montana  age  have  been  eroded  away. 

If  this  erosion  resulted  from  uplift  in  the 
Rocky  Mounttiin  region,  as  is  postulated  in  tliis 
paper,   it  mu^t  have  been   accomplished  by 
streams  of  relatively  high  gradient,  and  the 
resulting  surface  would  naturally  bo  more  or 
less  uneven.     Tliis  feature  is  sliown  graphically  , 
in  Plates  V,  X,  XV,  and  XVII,  from  which  it 
appears  tliat  erosion  cut  deeper  in  some  places 
than  in  others.     In  the  southwestern  part  of 
the  Raton  field,  north  of  Ute  Park,  it  cut  well  ' 
down  into  tJie  Pierre  shale;  in  the  eastern  part  | 
of  this  field  between  Koehler  and  Red  River 
Peak  it  cut  in  some  places  dowTi  to  the  Trinidad 
sandstone ;  and  from  the  mesa  region  of  Raton 
it  removed  all  rocks  that  may  have  existed 
above  the  Trinidad.     These  are  the  only  areas  , 
in  the  Raton  Mesa  region  where  the  Vermejo 
is    known    to    have    been    entirelv    removed. 
These  areas  (see  PI.  I,  in  pocket)  are  in  line 
from  southwest  to  northeast,   and   this  fact 


suggests  rather  strongly  that  they  may  be 
parts  of  the  valley  of  one  of  tlie  major  streams 
of  early  Tertiary  time,  and  that  this  stream 
emerged  from  the  mountains  at  the  southern 
end  of  the  Raton  field  in  the  vicinity  of  Baldy 
Peak  and  was  flowing  in  a  general  northeasterly 
direction  when  deposition  of  sediment  was 
resimied. 

TEBTIABT  SYSTEM. 

RATON  FORMATION. 

HAME  AVD  TYPE  LOCAUTT. 

Raton  formation  is  the  name  given  to  the 
upper  coal  measures  of  the  Raton  Mesa  region 
and  includes  all  of  the  stratified  rocks  between 
the  Vermejo  and  the  Poison  Canyon  forma- 
tions. Tlie  name  was  first  used  by  Hayden*** 
to  indicate  all  of  the  coal-bearing  rocks  which 
he  observed  near  Raton  Mesa.  As  used  by 
him  it  included  the  beds  now  assigned  to  the 
Vermejo  formation,  but  as  the  Vermejo  is  not 
conspicuously  exposed  along  the  route  trav- 
ersed by  Hayden  and  as  most  of  the  rocks 
that  he  called  Raton  Hills  group  belong  to  the 
coal-bearing  formation  above  the  Vermejo 
the  name  Raton  has  been  adopted  for  this 
formation. 

The  type  area  of  the  Raton  formation  is  the 
high  mesa  region  between  Trinidad,  Colo.,  and 
Raton,  N.  Mex.,  erroneously  called  mountains, 
that  culminates  in  Fishers  Peak,  a  sharp  pro- 
jecting point  of  the  highest  mesa.  No  com- 
plete section  of  the  rocks  is  exposed  in  the 
slopes  of  this  liighest  mesa,  caUed  Raton  Mesa, 
but  in  the  side  of  Bartlett  Mesa  north  of  the 
town  of  Raton,  from  locality  75  (see  PL  I,  in 
pocket)  to  the  southern  point  of  the  mesa, 
these  rocks  are  well  exposed  (see  section  on 
pp.  106-107  and  PI.  X,  p.  108),  and  a  fairly 
complete  section  was  measured  with  Locbd 
level. 

The  details  of  tlie  coal-bearing  portion  of  this 
formation,  given  below,  were  obtained  from  the 
records  of  <liamond-drill  holes  put  down  near 
BriUiant,  X.  Mex.  Tlie  rocks  above  those 
penetrated  by  the  drill  are  mainly  coarse 
arkosic  sandstone  whidi  seems  to  grade  up- 
ward into  the  Poison  Canyon  formation.  The 
two  coal  b(»ds  penc^trated  near  the  bottom  of 
the  hole  are  in  tlie  Vermejo  fommtion,  but  the 
position  of  the  Vermejo-Raton  contact  was  not 
determined.  Below  the  coal  the  drill  entered 
the  Triniihid  sandstone.  The  succession  of 
beds  is  as  follows: 
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Roeli  perutraltd  by  diamond  drill  near  Brilliant,  ff.  Ma .    | 
Ft.    Id.  I 

Surface  soil 10     0 

Sandstone. . . . .- 3      0 

Coal 1      8 

Sandstone  uid  shale,  alternating  layera 20      4 

Shale 22      0 

Coal 5  I 

Shale 22     7  i 

Sandstone 3     0 

Coal 1      0 

Shale 4      0  | 

Coal ]       0  ] 

Shale 3      0 

Coal 1      1 

Shale  and  eandstone 40    11 

Coal 10 

Shale 8 

Coal 6 

Shale 3      4 

Coal 3 

Shale,  aandy 44    11 

Coal 4 

Shale 13      2 

Coal 10 

Shale 11      2 

Sandstone 7     0 

Shale 8     6 

Coal » 

Shale 2 

Coal 7 

4      2 

10 

23      0 

Sandstone 21      0 

Shale,  sandy 13      0 

Coal 10 

Sandstone 15      2 

Shale 20     0 

Coal 6 

Shale,  sandy 15      6 

Sandstone 43      0 

Sandstone  and  shale,  alternating  layers 43      5 

Coal 7 

^S^                   18     0 

9 

2      3 

ISSsa^         6 

Shale 15      1 

Coal 10 

Shale. 2      1 

Goal 2 

37    10 

«g         3 

20      3 

; 3 

20      3 

Coal I      0 

Shale 3      6 

Coal 10 

Shale 1      9 

CoftI 6 


Shale 

Coal 

Shale  and  sandstone.. 

Coil 

Khalo 

Coal 

Shale 

Coal 

Shale 

Coal 

Sliile 

Coil 

Shale 

Coal 

Sandstone 

Coal 

Shale,  sandy 

Coal 

Shale 

Coal 

le.. 

dslo 
Shale 

Coal 

Shale 

Coal 

Coal 

Shale  and  sandstone.  alt«mating  layers 

Sandstone 

Shale,  sandy 

Sandstone 

Coal 

Sandstone  and  shale 

Coal 

Shale 

Sandstone 

Sandstone  and  shale 

Coal 

Shale 

Coal 

Shale  and  sandstone 

Coal 

Shale 

Sandstone  (Trinidad) 

THICKNESS  AVS  ZXTEHT. 

In  Raton  Mesa  the  top  of  the  Raton 
tion  is  about  2,000  feet  higher  than  i 
and  probably  at  no  other  locality  in  the 
is  so  great  a  this  formati 

served.  If  the  strata  were  horizontal,  t 
tance  woiild  indicate  the  thickness  of  i 
mation.     At  locality  No.  75,  near  Rat 
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formation  is  about  1,140  feet  thick,  and  in  the 
western  part  of  the  region,  at  Tercio,  Colo.,  it 
is  about  1,650  feet  thick.  Unlike  the  Vermejo, 
the  Raton  formation  is  essentially  continuous 
throughout  the  region,  the  only  interruptions 
in  its  continuity  being  such  slight  ones  as  those 
at  Morley  and  in  Vermejo  Park,  where  the 
strata  were  domed  and  the  rocks  removed  by 
erosion  from  the  crests.  The  outline  of  the 
Raton  Mesa  region,  shown  on  the  map  (PI.  I, 
in  pocket) ,  is  essentially  the  boundary  of  the 
Raton  formation. 

CHABACTEB  AND  DISTRXBTTTIOV. 

Range, — Tlie  rocks  of  the  Raton  formation 
vary  in  character  from  coal  and  carbonaceous 
shale  to  sandy  shale,  sandstone,  and  conglom- 
erate. In  most  places  the  rocks  weather  to 
yellowish  brown.  Most  of  the  conglomerate 
occurs  at  the  base  of  the  formation,  but  in  the 
southwestern  part  of  the  Raton  field  conglom- 
erates were  found  far  above  the  base.  Coal 
occurs  throughout  the  formation,  but  the  prin- 
cipal beds  are  gouped  so  that  at  least  two  coal- 
bearing  zones  are  recognizable — a  lower  one,  in 
which  the  coals  are  only  locally  of  commercial 
importance  and  an  upper  one  in  which  several 
thick  beds  occm*. 

Bdsal  congloTnerate. — The  base  of  the  Raton 
formation  in  nearly  all  parts  of  the  Raton  Mesa 
region  is  conglomeratic.  In  the  western  part 
of  the  region  this  conglomerate  contains  much 
arkosic  material,  is  several  himdred  feet  thick, 
and  is  coarse,  massive,  and  resistant,  but  it  thins 
and  becomes  finer  grained  toward  the  east.  It 
varies  greatly  from  place  to  place  in  thickness 
and  in  character,  and  in  some  places  it  can  be 
distinguished  from  the  sandstones  higher  in  the 
formation  only  by  the  closest  observation.  In 
the  vicinity  of  Raton  it  is  represented  by  a  thin 
quartzose  sandstone  in  which  only  a  very  few 
small  pebbles  have  been  found;  also,  near  Trin- 
idad, Colo.,  there  are  many  places  where  it  is 
difficult  to  determine  the  Une  separating  the 
Raton  formation  from  the  Vennejo;  but  in  the 
western  part  of  the  region  south  of  Spanish 
Peaks,  in  the  southern  and  eastern  parts  as  far 
north  as  Canadian  River,  and  in  the  eastern 
part  of  the  Trinidad  field  north  of  the  city  of 
Trinidad  there  is  little  difficulty  in  recognizing 
the  conglomeratic  sandstone  that  constitutes 
the  bas^  of  the  Raton  formation. 


The  basal  conglomerate  consists  of  a  matrix 
of  firmly  cemented  sand,  usually  more  or  less 
quartzose,  in  which  are  embedded  pebbles  con- 
sisting mainly  of  quartz,  quartzite,  and  chert 
varying  in  size  from  small  grains  to  masses  6 
inches  in  diameter.  The  pebbles  are  unevenly 
distributed — in  places  in  irregular  masses  many 
feet  thick,  in  places  in  small  ^'pockets,*'  and  in 
places  singly.  In  character  the  pebbles  are 
varied — near  Vermejo  Park  and  elsewhere  were 
found  some  of  coal;  and  in  the  hogback  farther 
west  and  north  were  found  pebbles  apparently 
from  the  Trinidad  sandstone;  quartzose  sand- 
stone similar  to  the  Dakota;  conglomeratic 
sandstone  similar  to  the  conglomerates  of  the 
Purgatoire  f  onnation ;  petrified  wood  that  may 
have  come  from  the  Vermejo  or  from  the  Da- 
kota; red  sandstone  that  could  have  come  only 
from  the  red  beds  stratigraphically  below  the 
Dakota;  cherty  limestones  with  impressions  of 
crinoid  stems,  such  as  are  found  in  the  limestone 
below  the  red  beds;  pebbles  containing  horn 
corals,  such  as  are  found  in  the  limestones  of  the 
Pennsylvanian  rocks  (p.  42);  quartz;  quartz- 
ite ;  j  as  per ;  several  sorts  of  cherts ;  igneous  rocks, 
some  of  which  are  coarsely  crystalline,  like  the 
granites  of  the  mountains  to  the  west  and  some 
fine  grained,  like  those  foimd  in  dikes  of  the 
mountain  region;  and  pebbles  of  feldspar  up  to 
half  an  inch  or  more  in  diameter,  most  of  them 
kaolinized,  but  some  of  them  still  retaining  their 
original  form  sufficiently  to  show  cleavage  faces. 

The  character  of  the  conglomerate  strength- 
ens the  postulate  (p.  56)  that  one  of  the  main 
streams  of  early  Tertiary  time  entered  the 
Raton  Mesa  region  from  the  southwest  near 
Baldy  Peak,  and  indicates  that  this  stream 
probably  carried  much  of  the  sediment  that 
formed  the  Raton  beds.  In  the  southwestern 
part  of  the  Raton  field  the  pebbles  attain  their 
maximum  size  and  the  conglomerates  their 
maximimi  thickness.  The  sandstones  farther 
to  the  east  and  south,  which  Ue  above  the  lowest 
conglomerate  (see  PI.  VI,  p.  68)  and  which  are 
in  part  equivalents  of  the  higher  conglomeratic 
beds  to  the  northwest,  are  much  thicker  and 
more  massive  than  sandstones  at  the  same  hori- 
zon in  the  eastern  parts  of  the  field.  In  brief| 
the  Raton  formation  is  coarsest  and  thickest  in 
the  southwestern  part  of  the  field  and  becomes 
tliinner,  finer  grained,  and  more  shaly  toward 
the  northwest. 
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Lower  coal  zone. — In  many  places  in  the  east- 
em  part  of  the  Raton  Mesa  region  a  zone  of  coal- 
bearing  shale  occurs  in  the  lower  part  of  the 
Raton  formation.  This  is  perhaps  best  known 
east  of  Raton,  where  several  mines*  have  been 
opened  on  the  thickest  coal  (here  known  as  the 
Sugarite  bed),  which  occurs  about  100  feet 
above  the  base  of  the  Raton  formation.  This 
zone  of  coal-bearing  shale  is  known  to  extend 
southward  beyond  Dawson,  and  it  is  rather 
definitely  identifiable  in  the  eastern  part  of  the 
Trinidad  field,  but  in  the  western  and  extreme 
southern  part  of  the  Raton  Mesa  region  it  was 
not  recognized.  Its  place  there  seems  to  be 
occupied  by  sandstone  or  perhaps  even  by  con- 
glomerate. 

Cliffs  or  ^'barren  series.^' — ^A  series  of  beds 
consisting  principally  of  coarse-grained  sand- 
stone occurs  above  the  lower  coal  zone  and  out- 
crops in  the  cliffs  that  form  an  almost  continu- 
ous  escarpment  along  the  eastern  margin  of  the 
Raton  field  and  in  the  precipitous  walls  of  most 
of  the  canyons.  (See  PI.  VI,  p.  68,  and  PI. 
Vin,  p.  94.)  In  the  Trinidad  field  these  sand- 
stones are  recognizable  in  the  measured  sections 
and  the  drill  records,  but  they  do  not  form  a 
conspicuous  escarpment  as  they  do  in  the  Raton 
field.  These  rocks  are  600  feet  or  more  in 
thickness  in  the  southern  part  of  the  Raton 
field  but  thin  northward  to  200  or  300  feet.  Be- 
cause no  coal  of  commercial  importance  has 
been  foxmd  in  them  they  are  locally  known  as 
the  *' barren  series."  In  the  western  and  ex- 
treme southern  parts  of  the  region  this  series 
blends  with  the  underl3ring  conglomerate.  (See 
PL  X,  p.  108;  and  PI.  XVII,  p.  142.) 

Upper  coal  zone. — ^The  principal  coals  of  the 
Raton  formation  occur  in  a  series  of  alternating 
sandstones  and  shales  above  the  *^  barren  se- 
ries." This  upper  coal  zone  is  recognizable 
quite  generally  throughout  the  Raton  Mesa 
region.  The  lowest  coal  beds  in  the  zone  have 
been  developed  at  Yankee  and  at  Brilliant  in 
the  Raton  field,  and  the  higher  beds  are  known 
in  prospect  openings  made  in  many  places 
throughout  the  eastern  part  of  this  field.  In 
the  Trinidad  field  these  upper  coals  are  mined 
at  Primero,  Segundo,  Delagua,  Rugby,  and 
elsewhere. 

MXASXntE  OF  POST-CBETACEOTTS  E&OSZON. 

Some  of  the  author's  reasons  for  beheving 
that  the  southern  Rocky  Mountain  region  was 
submerged  by  the  Cretaceous  sea  and  that  the 


Upper  Oetaceous  formations  extended  con- 
tinuously over  it  have  already  been  given  in 
this  paper  (p.  37)  and  have  been  more  com- 
pletely stated  in  a  separate  pubUcation.^^" 
According  to  the  measurements  (see  p.  41) 
of  the  several  formations  now  exposed  in  the 
foothills  along  the  moimtains  the  conglomerate 
at  the  base  of  the  Raton  formation  is  strati- 
graphicaUy  more  than  18,000  feet  above  the  crys- 
talline and  metamorphic  rocks  that  furnished 
most  of  the  pebbles  foimd  in  it.  If  it  could  be 
demonstrated  that  the  older  sedimentary  for- 
mations were  conformable  and  once  extended 
continuously  over  the  now  uplifted  area,  this 
figure  might  be  accepted  as  an  adequate  meas- 
ure of  the  post-Cretaceous  erosion,  but  they  are 
not  conformable  with  each  other  and  there  is 
doubt  as  to  their  original  distribution.  How- 
ever, the  Upper  Oetaceous  sedimentary  rocks 
are  conformable  throughout  and  in  order  that 
pebbles  of  sandstones  from  the  Dakota  and 
from  the  still  older  red  beds  might  be  incor- 
porated in  the  conglomerate  there  must  have 
been  differential  uplift  and  erosion  of  more  than 
4,000  feet.  It  is  probable  that  the  erosion  was 
much  greater  than  this,  but  it  is  perhaps  unsafe 
to  make  the  figure  larger,  for  it  is  practically 
certain  that  the  crystalline  rocks  of  the  moun- 
tain area  near  by  were  exposed  at  the  surface 
during  the  formation  of  the  red  beds  and  that 
they  furnished  the  boulders  of  granite  and  of 
other  crystalline  and  metamorphic  rocks  found 
in  these  red  beds.  It  is  equally  certain,  how- 
ever, that  the  highlands  had  been  reduced  to 
low  relief  previous  to  the  deposition  of  the  Mor- 
rison formation,  for  no  material  coarser  than 
sand  has  been  observed  in  the  Morrison  in  the 
Raton  Mesa  region,  though  there  must  have 
been  highlands  at  no  great  distance  to  furnish 
the  pebbles  found  in  the  Purgatoire.  No  frag- 
mental  material  coarser  than  sand  has  been 
found  in  the  Upper  Cretaceous  of  this  region 
above  the  Dakota,  and  the  rocks  consist  princi- 
pally of  shale. 

Cross  has  estimated  ^^  that  during  the  period 
of  post-Oetaceous  erosion  in  the  Denver  Basin 
14,000  feet  of  sedimentary  rocks  were  cut  away. 
Computed  in  a  similar  way  the  amount  of 
post-Cretaceous  erosion  in  the  Raton  Mesa 
region  would  seem  to  be  at  least  as  great.  But 
this  method  of  measuring  the  amount  of  ero- 
sion seems  open  to  criticism.  However,  al- 
though a  definite  measure  of  the  uplift  and 
erosion  may  not  be  possible,  the  known  facts 
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seem  to  prove  that  the  p>ost-CTetaceou8  uncon- 
formity in  the  Raton  Mesa  region  represents 
a  period  of  erosion  whose  duration  is  compara- 
ble to  that  of  post-CretaceouB  erosion  in  the 
Denver  Basin. 

LOCAI.  miCOKPOSXITIZS. 

In  some  places  local  unconformities  occur 
within  the  Raton  fonnation.  A  rather  con- 
spicuous one  was  observed  in  the  canyon  of  the 
Pui^toire  near  Weston  and  another  in  the 
canyon  of  the  Canadian.  The  beds  of  the 
Raton  formation  are  so  lenticular  in  some  places 
that  exact  correlations  of  individual  beds  in  the 
measured  sections  is  difficult. 

rOSaiLB  AHS  AOZ  Kzi^Tions. 

The  Raton  formation  in  all  parta  of  the 
Raton  Mesa  region  contains  great  niimbers  of 
fossil  plants,  of  which  J50  have  been  described 
and  are  named  in  the  following  table  of  fossil 
plante.  A  large  number  of  these  plants  occur 
in  the  Wilcox  group  of  the  Gulf  coast — a  group 
known  to  be  of  E^ocene  age  not  only  because 
of  its  fossil  plants  but  because  of  its  inverte- 
brate fauna  and  its  position  above  a  formation 
(Midway)  that  contains  distinctively  Elocene 
invertebrates  and  which  in  turn  lies  uncon- 
formably  on  rocks  of  Cretaceous  age,"* 

The  relation  of  the  Raton  flora  to  the  Arapa- 
hoe, Denver,  Dawson,  Fort  Union,  Midway, 
and  Wilcox  floras  is  discussed  by  Knowlton  in 
the  accompanying  paper  and  need  not  be  re- 
peated'here.  Berry  ^  has  shown  that  these 
floras  are  closely  aUied  to  each  other,  that  they 
are  early  Tertiary  in  age,  and  that  they  are  es- 
sentially synchronous  with  the  basal  Eocene 
of  Europe.  The  paleontology  is  in  perfect 
accord  with  the  structure  in  indicating  the 
early  Tertiary  age  of  the  Raton  fonnation. 
Raton  fiora. 

[A  lew  nF  the  sperlea  ot  Ih»  list  tit  dcsrrlbed  fRnn  spednwiu  trooi  ttte 
PoLvm  Canvnn  lormallOD.  hul  u  tbe  tame  spsrles  oci^r  in  tlie  Katoo 
fomiBtiffli  ihHD  are  properly  included  in  tbe  RiUn  Bon.) 


Adton  fton — CoDtinued . 


■Tbe  Dawian  flw>  M  revised  by  7.  H.  KnowlUn  lor  this  paper  cnolsti 

of  45  rorms.  35  ol  wluch  are  Bpecinrall>-  named;  IT  ol  these  Bpeciei  are 
found  in  the  Raton  formmlon.    (P«pp.  inj-171.) 
b  Common  to  both  Vermcjoand  Ralr~  ' "' 
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Raion flora— ContiDMod.  was  found  later  that  these  species  occur  b 

the  Raton  formation  and  that  the  fossil 
show  Uttle  difference  in  age  botweei 
Raton  and  the  Poison  Canyon  forma 
Furthermore,  as  the  Poison  Canyon  beds 
not  been  examined  with  sufficient  ca 
;  determine  their  variations  in  characte] 
j  appearance,  it  is  not  always  possible  to 
I  tain  whether  the  rocks  at  a  given  locaht 
I  long  to  the  Raton  or  to  the  Poison  Ct 
I  fonuation.  However,  the  two  formi 
'  have  generally  been  regarded  as  unconfon 
'  with  each  other,  although  difficulty  has 
found  in  tracing  the  contact.  It  seems 
sible  that  the  Poison  Canyon  and  Ratoi 
mations  may  differ  but  little  in  age  and 
S  their  physical  differences  may  be  due  to 

variations  in  the  conditions  of  sediment 
as  Richardson"'  has  suggested  for  the  Arap 
Denver,  and  Dawson  formations  of  the  D 
region.  Although  a  general  discussion  ( 
relation  of  the  Poison  Canyon  to  the  I 
formation  is  beyond  the  scope  -of  the  pi 
paper,  the  foregoing  statement  will  ej 
why  some  of  the  fossil  plants  collected 
the  Poison  Canyon  formation  are  a 
priately  included  in  the  Raton  flora.  St 
collections  preserved  in  the  National  Mi 

;.........     are  labeled  as  coming  from  the  Poison  Ci 

;;;i!;i!!!    near  the  line  of  contact  with  the  Ratoi 
".'IW.W.WC'.     '.'.''.'.'.'.C"    mation.    The    species    represented    in 
['.\y.\'"'.'.'.'.i  X     -I- '-I  (      collections  are  identical  with  those  froi 
'.'.V.V.'.y'.'.'.'.C     '.y.'.'.'f.'.V.    Raton  formation;  but  some  of  them  are  1 

^^^^^    preserved  and  have  been  used  for  illustt 

i I     '         in    the    accompanying    paper    by    Eaio^ 

Lanrntooitha  Denver  unsiit-    The  locaUty  at  which  each  lot  of  fossiL 
bMh  Varmaio  uid  Bsion  tormationa-t  spuciw.  obtained  is  indicated  bj  the  lot  number  c 

map  (PI.  I,  in  pocket),  and  all  the  inform 
at  hand  concemuig  each  lot  is  given  on 
The  Poison  Canyon  formation  Is  only  in-    66-161. 
ludentally  involved  in  the  subjects  discussed  GEOLOGIC  HISTORY. 

in  ihis  paper.  However,  because  of  its  rela- 
tion to  the  underlying  Raton  formation,  and 
because  it  contains  certain  fossil  planta  that 
are  also  included  in  the  Raton  flora,  some  men- 
Uon  of  it  seems  necessary.  It  has  been  cor- 
related with  the  Denver  formation,  principally 
because  of  lithologic  resemblances  and  supposed 
Btratigraphic  position.  While  working  in  the 
Trinidad  field,  the  members  of  Richardson's 
party  found  several  fossil  plants  in  these  rocks 
that  proved  to  bo  spocificaiiy  identical  with 
those  in  the  Denver  formation.    However,  it 
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POISON  CAITYON  FORMATION. 


PRE-PALBOZOIC  TIME. 


A  brief  account  of  the  principal  gc 
events  that  have  been  recorded  in  the  1 
Mesa  region  may  be  of  service  in  clar 
some  of  the  relations  described.  The  • 
rocks  of  the  region  are  the  crystallines  ol 
Cambrian  age  that  constitute  the  core  < 
Culebra  Range.  Some  of  the  finer-gi 
crystalline  rocks  may  represent  ancient 
ments,  but  the  coarse-grained  granites 
ably  resulted  from  the  slow  cooluig  of  a  , 
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magma  below  the  surface  of  the  earth  and  were 
exposed  at  the  surface  only  when  they  were 
elevated  and  the  overlying  rocka  removed   by 


PALEOZOIC  EVENTS. 

During  a  great  part  of  th;;  Paleozoic  era, 
when  large  areas  of  North  America  were  cov- 
ered with  epicontinental  seas  which  shifted  in 
position  from  time  to  time  and  in  which  were 
deposited  the  sediments  of  the  several  forma- 
tions of  early  Paleozoic  age,  the  Raton  Mesa 
region  either  remained  above  sea  level  or  was 
cleared  by  later  erosion  of  such  early  Paleozoic 
sediments  as  may  have  accumulated  there. 
The  latter  alternative  is  the  more  probable,  for 
small  remnants  of  sedimentary  rocks  formed 
in  Cambrian  and  Ordovician  seas  are  found 
along  the  mountain  front  north  of  this  region 
and  larger  remnants  south  of  it.  Also,  in  cen- 
tral New  Mexico  there  are  remnants  of  sedimen- 
tary formations  of  Devonian  and  early  Carbon- 
iferous (Mississippian)  age,  the  latter  extending 
northward  into  Colorado.  In  early  Pennsyl- 
vaniau  time  considerable  portions  of  the  south- 
ern Rocky  Mountain  region  were  above  sea  level 
and  nonmarine  deposits  accumulated  in  many 
places.  These  contain  thin  beds  of  coal, 
with  which  are  found  plants  representing  an 
early  Pennsylvanian  (Pottsville)  flora.  Central 
Colorado  and  areas  farther  north  remained 
above  sea  level,  but  southern  Colorado  and 
New  Mexico  sank  beneath  the  sea  and  accu- 
mulated a  thick  limestone  formation.  In  the 
mountains  west  of  the  Raton  Mesa  region  the 
limestone  layers  seem  to  interfingcrwith  coarser 
material  indicative  of  near-shore  conditions. 
Later  in  Pennsylvanian  time  this  limestone  was 
brouglit  above  sea  level  and  eroded  to  some 
extent,  so  that  in  some  places  pebbles  of  it  are 
foimd  in  the  conglomerates  of  the  younger  sedi- 
mentary rocks.  These  rocks,  which  also  have 
been  classed  as  Pennsylvanian,  are  in  part  tlio 
red  beds  of  the  southern  part  of  the  Rocky 
Mountain  region.'  Some  of  these  were  depos- 
ited in  the  sea  and  contain  marine  shells. 
Others  consist  of  coarse  sand  and  conglomerate 
and  nmy  represent  upland  accumulation.  On 
the  whole  they  represent  a  long,  complicated 
history  that  has  not  yet  been  fully  worked  out. 

'  Sbme  IhJs  BOCDunt  "tna  im-tltvu  evidence  hiis  been  oblalned  that  tbe 
'rei  beds  b«re  aislgned  la  the  FfDnsi'Iv^mlaii  nre  pratubly  i'ennlui, 
hence  tbe  uneonFormliy  and  congjomcnile  hire  relprred  10  as  mid- 
Penniylvaakui  probabJ^  marli  the  base  of  the  Pcrmltin  or  this  region. 


Tlie  detritus  from  the  highlands  that  probably 
occupied  about  the  samo  place  as  the  present 
Rocky  Mountains  wits  carried  to  the  lowlands 
by  streams  and  deposited  there  in  part  as  allu- 
vial wash.  Some  of  it  was  carried  beyond  these 
lowlands  to  shallow  shifting  bodies  of  water, 
some  of  which  may  have  been  sahne  lakes  and 
others  were  arms  of  tlie  sea.  These  waters 
evaporated,  leaving  in  some  places  layers  of  salt 
and  gypsum  interbedded  in  places  with  shale 
and  in  other  places  with  limestone,  both  of 
which  contain  shells  of  marine  or  brackish* 
water  mollusks.  The  red  bed  accumulation 
continued  through  Permian  and  into  Triaasic 
time.  The  salt  and  gypsum  beds  of  Pennsyl- 
vanian, possibly  also  of  Permian  age  occur  south, 
of  the  Raton  Mesa  region  but  not  north  of  it. 

UBSOZOIC  IVXIITS. 

TRIA88IC  AND  JURASSIC  TIHB. 

Little  is  known  of  the  plane  of  separation 
between  Paleozoic  anil  Mesozoic  in  this  part  of 
the  continent,  but  it  is  certain  that  some  of 
the  finegrained  sedimentary  rocks  of  the 
upper  part  of  the  red  beds  accumulated  dur^ 
ing  the  Triassic  periods  of  waters  that  were 
fresh  enough  in  some  places  to  be  inhabited  by 
unios  and  belodonts.  Triassic  sedimentation 
was  interrupted  by  a  movement  that  domed 
the  strata  in  some  places  in  northeastern  New 
Mexico,"*  and  probably  also  lifted  the  mountain 
region  to  some  extent.  Renewed  erosion  planed 
off  the  tops  of  the  domes.  Beds  of  sand  covered 
the  truncated  edges  of  the  older  strata  and 
hardened  into  the  Exeter  sandstone,  which 
may  be  of  Jurassic  age,  though  no  fossils  have 
been  found  in  it.  It  is  well  exposed  in  the 
walls  of  the  canyons  east  and  south  of  the 
Raton  Mesa  region.  There  are  some  reasons 
for  believing  that  the  Wingate  sandstone  of 
northwestern  New  Mexico  and  the  La  Plata 
sandstoneof  southwestern  Colorado  wereformed 
about  the  same  time  and  under  similar  condi- 
tions. 

CRETACEOUS  TIME. 

In  early  Cretaceous  time,  or  possibly  in  late 
Jurassic,  although  the  writer  deems  this  im- 
probable, the  streams  of  this  region,  as  wall 
as  those  of  the  whole  Rocky  Mountain  r^on 
from  New  Me,xico  to  Montana  and  from  Utah 
to  Kansas,  spread  out  sediments  that  were 
variable  in  color  and  ranged  in  compoaiUoD 
from  limy  mud  to  fine-grained  sand  and  in 
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some  places  even  to  conglomerate.  These 
beds  consolidated  into  the  Morrison  formation, 
which  underlies  the  Raton  Mesa  region  and 
crops  out  on  all  sides  of  it.  In  some  places  it 
contains  fresh-water  shells  and  the  remains  of 
land  mammals,  and  in  other  places  the  bones 
of  gigantic  dinosaurs  that  lived  in  the  swamps 
and  streams  and  on  the  shores  of  the  shallow 
temporary  lakes.  The  mountains  that  fur- 
nished the  coarse  sediments  in  late  Pennsylva- 
nian  or  Permian  time  had  been  worn  down,  and 
the  sediments  of  the  Morrison  formation  were 
deposited  over  most  of  the  area  formerly  occu- 
pied by  them. 

The  stream  deposition  of  Morrison  time  was 
probably  accompanied  by  the  slow  subsidence 
of  a  large  area  that  included  the  Rocky  Moun- 
tain  rjon.  This  movement  culminated  later 
in  the  occupation  of  the  interior  by  the  sea. 
Late  in  the  Lower  Cretaceous  Morrison  sedi- 
ments of  varied  constitution  and  color  were 
covered  with  sediments  that  have'  uniform 
constitution  and  color  over  a  wide  range. 
The  first  of  this  new  material  was  light-colored, 
relatively  pure  quartz  sand  and  fine  conglom- 
erate, followed  by  dark  shale  in  places.  These 
deposits  hardened  into  the  Purgatoire  forma- 
tion. They  denote  a  great  change  in  the 
physical  conditions  of  the  region,  but  possi- 
.  bly  no  great  lapse  of  time,  for  in  few  places  has 
any  indication  of  a  lapse  in  time  been  foimd 
between  the  Purgatoire  and  the  underlying 
Morrison.  The  change  denotes  the  advance 
of  the  sea  over  an  area  which  had  formerly 
been  occupied  by  marshy  lowlands  lying  but 
little  above  sea  level  and  therefore  a  change 
from  stream  deposition  to  marine  deposition. 
The  subsidence,  possibly  accompanied  also  by 
a  rise  of  the  sea  level,  had  progressed  at 
the  close  of  this  epoch  far  enough  to  allow 
the  sea  water  from  the  Gulf  of  Mexico  to  in- 
vade the  interior  as  far  at  least  as  the  present 
mountain  front  and  probably  much  farther. 
The  truncated  edge  of  the  Purgatoire  forma- 
tion, there  upturned,  indicates  that  it  once 
extended  considerably  farther,  ^*'  possibly  to 
the  west  side  of  the  mountains,  where  similar 
sediments  may  prove  to  be  of  Lower  Cretaceous 
age,  although  no  direct  evidence  of  this  corre- 
lation has  yet  been  foimd. 

The  Purgatoire  formation  was  covered  in 
turn  by  the  Dakota  sandstone,  the  oldest  of 
the  formations  now  generally  acknowledged  to 


b3  of  Upper  Cretaceous  age.  A  time  interval 
may  be  represented  by  the  contact  of  the  Pur- 
gatoire and  the  Dakota,  but  there  is  little  evi- 
dence of  an  interval  of  intersystemic  importance 
in  the  Rocky  Mountains.  At  the  beginning  of 
the  Upper  Cretaceous  epoch  the  Rocky  Moun- 
tain region  had  been  planed  down  nearly  to  sea 
level.'**  This  region  was  included  in  the  subsid- 
ing area,  and  the  sands  of  the  Dakota  were 
widely  distributed  over  it.  Continued  subsid- 
ence, accompanied,  perhaps,  by  continued  rise 
of  sea  level,  resulted  in  the  formation  of  the 
broad  interior  basin  of  Upper  Cretaceous  time. 
In  this  basin  were  deposited  the  sands,  muds, 
and  limy  ooze,  which  hardened  into  the  marine 
formations  of  Upper  Cretaceous  age,  and  on 
its  shores  were  accumulated  the  beds  of  peat 
which  later  formed  the  Upper  Cretaceous 
coals.  The  rate  of  sedimentation  in  this 
basin  was  comparable  with  the  rate  of  sub- 
sidence, and  probably  at  no  time  was  the  sea 
very  deep.  Li  many  places  it  was  so  shallow 
that  sediments  were  distributed  somewhat 
uniformly  over  large  areas  of  its  floor,  proba- 
bly by  the  action  of  waves  and  currents. 
Many  times  during  the  Upper  Cretaceous 
epoch  portions  of  the  basin  extending  well 
toward  its  center  were  filled  with  sediments 
to  the  limit  of  marine  deposition,  and  on  these 
low-lying  lands  grew  the  luxuriant  vegetation 
which  accumulated  in  broad  swamps  as  muck 
and  peat."* 

The  coal  beds  and  other  features  indicating 
nearness  to  land  in  the  southern  Rocky  Moun- 
tain region  in  early  Upper  Cretaceous  time  are 
foimd  mainly  in  central  New  Mexico  and  in 
western  Colorado.  In  the  Raton  Mesa  region 
open-sea  conditions  prevailed  until  after  the 
middle  of  the  Montana  epoch.  By  this  time 
the  filling  of  the  basin  with  sediments  derived 
mainly  from  the  west  and  southwest  had  pro- 
ceeded to  such  an  extent  that  shore  conditions 
were  established  in  the  Raton  Mesa  region. 
The  sediments  deUvered  by  the  streams  were 
washed  by  the  waves  and  currents  of  the  sea 
and  the  sands  w^ere  deposited  near  the  shore 
These  hardened  into  the  Trinidad  sandstone. 

When  the  sands  of  the  Trinidad  had  fillec 
the  sea  in  this  region  to  the  limit  of  marin< 
deposition,  coastal  swamps  developed,  ii 
which  acciunulated  the  vegetable  matter  o 
the  Vermejo  coal  beds.  The  later  Cretaceoui 
events  of  this  region  are  not  known,  for  th< 
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evidence  of  them  has  been  destroyed  by  ero- 
sion; but  farther  north,  near  Canon  City, 
Vermcjo  fresh-water  sedimentation,  inter- 
rupted at  times  by  temporary  incursions  of 
the  sea,  continued  until  a  thickness  of  1,000 
feet  or  more  of  strata  had  accumulated,  and 
farther  north,  in  the  Denver  Basin,  the  sedi- 
ments of  a  formation  generally  regarded  as 
still  younger,  the  Laramie,  were  deposited.  If 
rocks  of  Laramie  ago  were  ever  formed  in  the 
Raton  Mesa  region,  they  were  removed  by  later 
erosion 

POST-CSETACEOTTS  TTPUFT  AND  ESOSION. 

Cretaceous  sedimentation  was  terminated  in 
the  Rocky  Mountain  region  by  a  general  with- 
drawal of  the  sea  waters  from  the  contment. 
Tliis  was  probably  due  in  part,  but  not  wholly, 
to  a  general  lowering  of  sea  level,  possibly  be- 
cause of  some  readjustment  in  the  interior  of 
the  earth  that  increased  the  capacity  of  the 
ocean  basins.     The  withdrawal  of  the  water 
was  accompanied  by  a  differential  movement 
of  the  rocks  which  left  the  mountain  region 
above  sea  level.    The  resulting  erosion  gave 
rise  to  the  post-Laramie  unconformity  of  the 
Denver  region,  the  post-Vennejo  unconformity 
of  southern  Colorado  and  New  Mexico,  and  the 
post-Cretaceous    unconformity    of    the    Gulf 
coast.     These  are  probably  local  manifesta- 
tions of  a  general  post-Cretaceous  erosion  which 
affected  the  whole  southern  Rocky  Mountain 
region  and  may  in  time  be  found  to  have  af- 
fected other  regions.    The   diastropic  move- 
ment that  resuscitated  the  mountains  whose 
roots  had  been  buried  beneath  the  Cretaceous 
strata  changed   the  Rocky  Mountain  region 
from  an  area  of  general  downwarping  to  an 
area  of  general  upwarping  and  resulted  in  many 
local  orogenic  movements  and  in  the  extrusion 
of  andesitic  and  other  lavas.    These  seem  to 
be  .parts  of  the  world-wide  changes  in  the  dis- 
tribution of  land  and  sea  which  have  been  re- 
garded as  appropriately  closing  the  Mesozoic 
and  opening  the  Cenozoic  era. 

Although  the  post-Cretaceous  uplift  in  the 
Rocky  Mountain  region  had  great  significance 
in  that  it  marked  the  dose  of  a  long  period  of 
quiescent  conditions  and  inaugurated  a  period 
characterized  by  great  mountain-making  move- 
ments and  intense  volcanic  activity,  it  was 
probably  less  in  actual  magnitude  than  some 
of  the.  uplifts  which  followed.     However,  the 


differential  uplift  must  have  amounted  to  sev- 
eral thousand  feet,  for  the  Cretaceous  beds 
that  had  covered  the  mountains  were  eroded 
from  them  in  some  places  and  the  pre-Creta- 
ceous  rocks  were  exposed.  All  rocks  younger 
than  the  Vermejo  which  may  have  been  formed 
in  the  Raton  Mesa  region,  were  removed,  and 
the  Vermejo  iti>elf  was  reduced  to  a  maximum 
thickness  of  about  400  feet  in  the  western  part 
of  the  region  and  removed  entirely  from  the 
eastern  part. 

CENOZOIC  EVENTS. 
TERTIARY  SEDIMENTATION  AND  EROSION. 

The  post-Cretaceous  uplift  and  erosion  were 
followed  in  the  Raton  Mesa  region  by  the  accu- 
mulation in  early  Tertiary  time  of  the  stream 
and  swamp  deposits  that  constitute  the  Raton 
formation.  This  deposition  may  have  been 
caused  in  part  by  a  subsidence  of  this  regioii, 
but  if  so  it  was  not  sufficient  to  allow  mari  le 
waters  to  return,  for  no  marine  beds  have  ever 
been  found  in  the  Tertiary  formations  of  the 
Raton  Mesa  region.  At  first  the  streams  de- 
posited sand  and  gravel  derived  from  the 
highlands  to  the  west;  but  later  they  deposited 
finer  sediments,  mainly  mud,  over  their  broad 
flood  plains,  on  which  grew  numerous  semitrop- 
ical  plants  that  supplied  the  vegetable  matter 
for  the  coal  beds  of  the  Raton  formation. 

Tertiary  rocks  younger  than  Raton  wero 
formed  in  this  region  and  were  later  eroded 
away.  Remnants  of  them  remain  in  the 
northern  part,  where  they  form  the  Poison 
Canyon,  Cuchera,  and  Huerfano  formations. 
These  were  later  cut  by  intrusive  igneous  rocks 
of  the  Spanish  Peaks  irruption.  At  about  the 
same  time  broad  low  flexures  were  formed  east 
of  the  mountains.  Sometime  within  the  Ter- 
tiary, probably  near  the  middle  of  the  period, 
sedimentation  was  brought  to  a  close  in  the 
Raton  Mesa  region,  and  the  latter  part  of  the 
period  was  occupied  in  producing  a  peneplain 
which  beveled  all  the  Tertiary  beds  previously 
formed  and  all  of  the  Cretaceous  down  to  the 
Dakota  sandstone.  On  this  plain  thin  beds  of 
gravel  were  deposited,  supposedly  in  late  Ter- 
tiary tune,  and  over  them  were  poured  great 
floods  of  molten  basalt,  remnants  of  which  still 
remain  as  the  hard  cap  rock  of  the  mesas  which 
extend  from  the  Raton  Mesa  region  eastward 
to  the  border  of  Oklahoma  and  Texas. 
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QUATEBNABT  EVENTS. 

Some  years  ago,  when  it  was  supposed  that 
the  flows  of  basaltic  lava  in  the  Raton  Mesa 
region  resulted  from  a  shigle  period  of  eruption  > 
it  was  supposed  that  the  eruption  occurred  in 
mid-Tertiary  time.  Since  then  much  evidence 
has  been  brought  forward  to  prove  that  the 
Quaternary  period  was  much  longer  than  was 
formerly  supposed.  The  length  of  Quaternary 
time  as  measured  by  the  general  degradation 
of  the  plains  surrounding  the  mesas  is  compar- 
able to  that  which  in  northern  Montana  has 
left  mesas  covered  with  Pleistocene  till  stand- 
ing lyOOO  feet  or  more  above  the  surroimding 
country.  A  length  of  Quaternary  time  as  great 
or  even  greater  is  indicated  in  western  Colorado 
by  Pleistocene  deposits  on  the  divides  between 
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canyons  tributary  to  the  Grand  Canyon  of  the 
Colorado. 

It  is  possible  that  the  Quaternary  was  intro- 
duced in  the  Rocky  Mountain  region  by  a 
notable  orogenic  disturbance,  and  that  oi.e  oi 
the  results  of  this  disturbance  was  the  out- 
pouring in  many  places  of  basaltic  lavas. 
Thus  the  outpouring  of  the  mesa  lavas  may 
mark  the  opening  of  the  Quaternary  period, 
This  possibility  finds  support  in  the  fact  that 
after  the  first  great  flow  in  the  Raton  Mesa 
region  the  same  kind  of  basaltic  lava  was  ex- 
truded in  this  region  again  and  again  down  tc 
a  time  so  recent  that  the  youngest  cinder  cones 
and  flows  show  little  alteration.  These  periods 
of  eruption  alternating  with  periods  of  degra- 
dation have  resulted  in  the  steplike  character 
of  the  lava-covered  mesas. 


Chapter  3.— LOCAL  FEATURES  IN  DETAIL. 


METHOD  OF  PRESENTATION. 

In  arranging  the  details  given  in  this  paper 
it  was  found  that  place  names  were  wanting  in 
so  many  areas  that  it  seemed  best  to  designate 
the  localities  described  by  numbers.  (See  map, 
PI.  I,  in  pocket.)  These  locaUties  are  described 
in  order  from  the  southwestern  extremity  of 
the  region  east  and  north  aroxmd  its  eastern  mar- 
gin; then  m  Vennejo  Canyon  across  the  Raton 
field  and  thence  along  the  western  margin. 
Most  of  the  observations  were  made  near  the 
outcrops  of  the  coal  beds. 

Because  little  information  has  been  pub- 
lished heretofore  regarding  the  geology  of  the 
Raton  field  many  details  have  been  included 
which  in  a  better-known  region  might  seem  to 
be  out  of  place  in  the  consideration  of  a  special 
phase  of  the  geology.  In  the  Trinidad  field  the 
general  geology  has  long  been  knowii  from  the 
foUo  publications  of  R.  C.  Hills,^*»-  »«•  "*  and 
many  of  the  details  of  the  coal  deposits  have 
been  described  more' recently  by  G.  B.  Rich- 
ardson,"* hence  in  the  present  paper  the  de- 
scriptions of  locaUties  in  this  field  are  confined 
more  exclusively  to  the  structural  relations  of 
the  formations  and  to  their  geologic  age. 

BAIJ>T. 
liOCAIilTT  1. 

Baldy  is  a  gold-mining  camp  located  at  the 
southwestern  extremity  of  the  Raton  coal  field 
high  on  the  side  of  Baldy  Peak,  an  eminence 
caused  by  extensive  intrusions  of  igneous  rock 
which  have  upturned  and  lifted  some  of  the 
sedimentary  rocks.  Remnants,  of  these  rocks 
still  remain  on  the  top  of  the  mountain  at  alti- 
tudes of  about  12,500  feet.  The  rocks  exposed 
here  are  Pierre  shale  and  the  basal  conglom- 
erate of  the  Raton  formation. 

The  Pierre  shale  is  very  thick  near  this  local- 
ity, but  the  zone  of  fossiliferous  limestone  con- 
cretions that  occur  in  Ute  Park,  a  few  miles  to 
the  southeast  and  that  is  found  generally 
throughout  the  southern  part  of  the  Raton 
coal  field  near  the  top  of  the  Pierre,  was  not 
foimd  at  Baldy.  Several  shells  of  the  species 
Inoceramus  vanuxemi  (U.  S.  Geol.  Survey  fossil 
locality  6581)  were  found  in  the  rocks  of  the 
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dump  from  the  gold  mine  which  is  described 
below.  The  shells  came  from  the  top  of  the 
shale,  as  represented  here,  but  in  many  other 
places  throughout  the  Raton  coal  field  this 
species  was  found  only  below  the  zone  of  con- 
cretions several  himdred  feet  below  the  top  of 
the  Pierre  shale.  This  species  is  known  to  have 
a  great  vertical  range,  and  therefore  is  not  a 
good  horizon  marker.  However,  at  several 
places  in  the  Raton  field  where  the  full  thick- 
ness of  the  shale  is  represented  and  where  fossil 
shells  were  collected,  this  species  was  not  foxmd 
in  the  upper  400  feet  or  more,  and  its  presence 
immediately  below  the  conglomerate  at  Baldy 
adds  force  to  the  conclusion  that  the  erosion 
represented  by  the  unconformity  separating 
them  carried  away  not  only  all  rocks  yoxmger 
than  the  Pierre  that  may  have  existed  there, 
but  also  several  himdred  feet  of  the  Pierre 
itself. 

Neither  the  Trinidad  sandstone  nor  the  Ver- 
mejo  formation  occurs  near  Baldy,  and  the 
conglomeratic  sandstone  at  the  base  of  the 
Raton  formation  Ues  with  irregular  base  on  the 
Pierre  shale.  Here,  as  elsewhere,  this  sand- 
stone is  coarse  grained  and  contains  irregular 
masses  of  conglomerate  consisting  principally 
(jf  siliceous  pebbles.  The  conglomeratic  parts 
are  coarsest  near  the  base  but  vary  greatly  in 
character  from  place  to  place.  The  porous 
conglomerate  seems  to  have  transmitted  per- 
colating waters  in  ages  past  and,  lying  as  it  does 
directly  upon  the  relatively  impervious  shale, 
its  base  naturally  served  as  a  passageway. 
Apparently  the  w.aters  carried  gold  in  solution 
and  deposited  it  in  interstices  of  the  conglom- 
erate and  crevices  of  the  shale.  At  the  time 
of  investigation  this  gold  was  being  mined  at 
Baldy.  The  mine  entries  are  driven  on  the 
imconformity  and  the  gold  is  found  m  the  up- 
per few  feet  of  shale  and  in  vein  material 
near  the  base  of  the  conglomerate.  In  some 
of  the  mine  openings  small  masses  and  irregular 
seams  of  coal,  probably  due  to  the  carboniza- 
tion of  wood  or  other  vegetable  matter  buried 
in  the  gravel,  occur  in  the  conglomerate.  This 
coal  also  has  been  foxmd  to  contain  gold  in  ap- 
preciable quantities. 


LOCAL  FEATURES  IN  DETAIL. 


The  contact  of  the  conglomerate  with  the 
Pierre  shale  was  followed  for  about  5  miles 
north  of  Baldy.  Throughout  this  distance  the 
conglomerate  Ues  with  obvious  unconformity 
on  the  shale  and  is  variable  in  character.  It  is 
mainly  coarse  grained,  massive,  and  arkosic. 
The  pebbles  consist  principally  of  quartzite, 
although  a  niunber  of  coarse-grained  granitic 
rocks  were  seen.  They  vary  in  size  from  small 
grains  to  masses  6  to  7  inches  in  diameter. 

BAIjDY  to  UTB  PARK. 

Between  Baldy  and  Ute  Park,  a  distance  of 
about  6  miles,  the  conglomerate  was  seen  in 
several  places  resting  on  the  Pierre  shale.  This 
relation  is  well  shown  northwest  of  Ute  station 
in  the  canyon  through  which  the  wagon  road 
passes  from  Ute  Park  to  Ponil  Creek,  where  the 
following  fossil  plants  belonging  to  the  Raton 
flora  were  found  several  hundred  feet  above 
the  base  of  the  Raton  formation.  (U.  S.  Geol. 
Survey  fossil  locality  5830) : 

Fostil  plants  collected  northwest  of  Ute  Park,  N.  Mex. 
[V.  S.  OeoL  Survey  fossfl  locality  5830.] 

Cinnamomum  missisBippiense?  Lesquereux. 
Dombeyopsis  magnifolia  ICnowlton. 
Magnolia  angufitifolia  Newberry. 
Palmocarpumpahnarum  (Lesc^fuereux)  Knowlton. 
Sabal?  ungeri  (Lesquereux)  Knowlton. 

UTE  PABK. 

Ute  Park  is  an  opening  among  the  hills  at 
the  southwestern  extremity  of  the  Raton  field, 
occupied  in  the  center  by  soft  Pierre  shale  and 
surroimded  by  hills  of  harder  rock.  West  and 
south  of  the  park  these  hills  consist  principally 
of  igneous  rock,  but  north  and  east  of  it  they 
consist  chiefly  of  the  hard,  conglomeratic  sand- 
stone of  the  Raton  formation. 

IjOCaljety  a. 

In  the  north  wall  of  Ute  Park,  at  locality  2, 
the  Pierre  shale  is  exposed  at  the  foot  of  the 
slope.  The  basal  conglomerate  of  the  Raton 
formation  lies  above  it,  but  the  contact  of  the 
two  was  not  seen.  However,  in  view  of  the 
relations  known  to  exist  on  either  side  of  this 
locality,  the  conglomerate  is  plotted  (section  2, 
PL  V)  as  resting  unconformably  on  the  shale. 
No  rocks  referable  to  the  Trinidad  sandstone 
or  to  the  Vermejo  formation  occur  at  this  lo- 
cality. 

The  conglomeratic  part  of  the  Raton  is  more 
than  400  feet  thick  and  underUes  the  finer- 


grained  sandstone  and  shale  that  contain 
fossil  plants.  The  rocks  in  this  400  feet 
coarse  grained  throughout  but  are  not 
formly  conglomeratic.  A  massive  conglor 
ate  occurs  at  the  base  and  finer-grained  n 
about  112  feet  thick  above  it,  succeeded 
two  conspicuous  conglomerates  separated 
151  feet  of  sandstone.  Some  of  the  layers 
lenticular  masses  of  pebbles  in  the  basal  i 
glomerate  are  10  to  15  feet  thick,  and  the  ] 
bles,  which  consist  mainly  of  quartz  and  qua 
ite,  have  a  maximum  diameter  of  4  J  inche 
more.     The  section  follows: 

Section  of  Raton  formation  measured  at  locality  j?,  Ute  1 

N.  Mex, 

[For  graphic  section  see  PLs.  V  (p.  56)  and  X  (p.  108).) 

Sandstone  and  shale,  coal  bearing,  fossiliferons 
(several  hundred  feet). 

Sandstone,  yellow,  massive,  coarse  grained,  cliff- 
making,  conglomeratic  in  places;  pebbles  1  inch 
in  maximum  diameter 

Sandstone,  coarse  grained,  yellow;  contains  fossil 
plants ] 

Sandstone,  white,  coarse  grained,  massive,  cliff- 
making;  conglomeratic  in  places 

Covered 

Sandstone,  gray  to  yellow,  fine  grained,  massive; 
somewhat  friable 

Covered 

Sandstone,  gray,  massive. : 

Sandstone,  conglomeratic,  with  pebbles  mostly  of 
quartz,  having  a  maximum  diameter  of  4}  inches. 

liOCAIiJTY  8.. 

In  the  north  wall  of  Ute  Park  about  hs 
mile  southeast  of  locality  2  the  rocks  are 
well  exposed,  but  the  conglomerate  was  fo 
in  several  places,  resting,  not  on  the  Pierre  s 
as  it  does  farther  west,  but  on  a  gray  sandst 
At  locality  3  the  rocks  near  this  sandstone 
weU  exposed  and  the  short  section  given  be 
was  measured : 

Section  of  rocks  measured  at  locality  S^  Ute  Park,  N. 
[For  graphic  section  '^ee  PI.  V,  p.  56.) 

Raton  formation: 

Co^lomerate,   resting  with  uneven  base  on 

sandstone 

Unconformity. 
Trinidad  sandstone: 

Sandstone,  containing  Jlalymenites  major  Les- 
quereux   

Pierre  shale: 

Sandstone,  shaly,  transitional  zone 

Shale,  fossiliferons 
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The  basal  conglomerate  of  the  Raton  forma- 
tion here  rests  xmconformably  upon  the  white 
Trinidad  sandstone.  Below  the  sandy  transi- 
tional zone  of  the  Pierre  150  feet  of  typical 
Pierre  shale  carrying  concretions  of  hmestone 
containing  fossil  invertebrates  is  exposed  at  the 
foot  of  the  slope.  No  attempt  was  made  to 
secure  a  complete  collection,  but  the  following 
species  were  taken  from  a  single  concretion 
About  150  feet  below  the  top  of  the  shale: 

Pierre  fossils  found  at  loccUUy  J.   Ute  Park,  N.  Mex. 
(U.  S.  C.eol.  Survey  fossil  locality  ©560. J 

Anomia  sp. 
Avicula  sp. 

Inoceramus  sagensis  Owen. 
A  large  ammonite. 

Between  the  shale  and  the  overlying  massive 
sandstone  is  a  series  of  thin  sandstones  separated 
by  shale  which  throughout  the  Raton  Mesa  region 
constitutes  the  transitional  zone  between  the 
typical  Pierre  shale  and  the  Trinidad  sandstone. 
The  light-colored  sandstone  above  this  zone  at 
locality  3  contains  great  numbers  of  the  fossil 
fucoids,  Halymenitefi  major  Lesquereux,  which 
are  usually  abundant  in  the  Trinidad  sand- 
stone. No  rocks  were  found  at  this  locality 
that  can  be  referred  to  the  Vennejo  formation. 
These  were  doubtless  eroded  away  during  the 
post-Cretaceous  erosion,  for  the  basal  conglom- 
erate of  the  Raton  formation  was  traced  east- 
ward and  found  to  overlie  the  Vermejo.  This 
conglomerate  is  the  same  as  that  described  at 
locality  2  and  is  equaUy  thick  and  massive. 
Only  its  base  is  included  in  the  section. 

IjOCAHTY  4. 

In  the  north  wall  of  Ute  Park,  about  one- 
eighth 'mile  southeast  of  locality  3,  the  rocks 
both  above  and  below  the  unconformity  are 
well  exposed  and  the  structural  relations  are 
plainly  discernible.  The  Pierre  shale  is  exposed 
at  the  loot  of  the  slope,  but  the  top  of  this  shale 
and  the  base  of  the  Trinidad  sandstone  are  not 
exposed.  However,  the  upper  60  feet  of  the 
Trinidad  was  examined  and  was  found  to  con- 
tain the  characteristic  fusoid,  Ilalymenlte'i 
major  Lesquereux.  Carbonaceous  shale  10 
feet  thick,  which  obviously  belongs  to  the  Ver- 
mejo formation,  occurs  above  this  sandstone, 
.and  on  it  the  basal  conglomerate  of  the  Raton 
formation  rests  unconformably.  Tlie  massive 
sandstone  cliffs  described  at  locality  2  occur 
;abov6  the  basal  conglomerate,  but  only  enough 


of  the  lower  part  of  the  Raton  is  included  in  the 
following  section  to  show  its  relations  to  the 
imderlying  formation. 

Section  of  rocks  measured  at  locality  4.  Ute  Park,  N.  Mex. 
[For  graphic  section  s«»e  PI.  V,  p.  56. 1 

Raton  formation :  Feet 

Sandstone,  conglomeratic,  witli  irregular  layers 
and  lenses  of  pebbles  consisting  mainly  of 

quartz  and  quartzite 45-f 

Unconformity. 
Vermejo  formation: 

Shale,  drab,  carbonaceous 10 

Trinidad  sandstone:* 

Sandstone,  massive,  yellowi/u  white;  contains 

Ilalymmites  major  Lesquereux '-O-f 

Pierre  shale: 

Transitional  zone.  

Shale.  11^+ 

LOCALITY  5. 

In  the  north  wall  of  the  park,  a  mile  north- 
east of  Ute  station,  the  upper  part  of  the  Trini- 
dad sandstone,  45  feet  thick,  is  exposed  be- 
neath beds  of  sandstone  and  shale  44  feet 
thick  that  obviously  belong  to  the  Vermejo 
formation.  No  coal  was  found  at  this  local- 
!  ity,  but  the  records  of  certain  prospects  made 
several  years  ago  show  that  a  6-inch  bed  of 
coal  occurs  16  feet  above  the  top  of  the  Trini- 
dad sandstone,  and  a  12-inch  bed  of  shaly  coal 
28  feet  above  the  Trinidad.  The  conglomer- 
ate at  the  base  of  the  Raton  rests  on  the  Ver- 
mejo unconformably.  The  following  section 
was  measured: 

Section  of  rocks  measured  at  locality  .5,   Ute  Park,  N.  Mex, 
[For  graphic  section  see  PI.  V,  p.  oH.] 

Raton  formation :  Feet . 

Conglomerate 25-(- 

Unconformity.  == 

j  Vermejo  formation: 

Shale,  drab  to  yellow,  carbonaceou.s  in  some 

places 26 

Sandstone,  ye! low,  thin  be(lde<i,  shaly 2 

Shale,  yellow  at  base,  l)lack  at  top,  sandy 4 

Sandstone,  yellowish  white,  massive 9 

Shale,  carbonaceous  at  top 3 


Trinidad  sandstone:  44 

Sandiftone,    massive,    containing    Ilalymmites 
major  Lesijuereux  near  the  top 45 ± 


114± 


Tile  conglomcTiitv*,  wliich  is  here  44  feet 
above  the  top  of  the  Trinidad  sandstone,  is 
only  10  feet  above  that  sandstone  a  quarter 
of  a  mile  to  the  northwest.  A  little  farther 
nortliwest  it  rests  on  this  sandstone  and  about 
a  mile  away  it  rests  on  the  Pierre  shale.     In 
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vordsy  within  a  distance  of  about  a  mile 
Be  of  the  Raton  formation  transgresses 
oded  edges  of  the  Veimejo  formation, 
inidad  sandstone,  and  the  upper  part 
Pierre  shalo.  East  of  this  locality  the 
ast^ward  dip  carries  all  the  rocks  except 
>f  the  Raton  formation  beneath  the  bed 
Larron  River,  where  they  are  covered  by 
wr  rocks  for  about  1  i  miles.  They  reap- 
irtiier  downstream. 

CIMAKBON  BIVEB. 

t  of  Ute  Park  Cimarron  River  has  eroded 
>  canyon  through  the  coal  measures  and, 
b  for  a  short  space  between  localities  5 
,  lias  cut  downward  into  the  Pierre  shale. 
canyon  walls,  which  rise  precipitously  to 
xiinum  height  of  about  1,000  feet,  con- 
>rincipally  of  well-indurated  chff-forming 
itone.  (See  PI.  VI.)  South  of  the  Cimar- 
he  rocks  are  poorly  exposed,  but  in  the 
I  wall  of  the  canyon  they  are  well  exposed 
nearly  all  of  the  observations  described 
made  there. 

m 

CIMARROK  CANYON. 

LOCALriY  6. 

,  the  point  in  Cimarron  Canyon  east  of 
Park  where  the  top  of  the  Trinidad  sand- 
9  reappears  from  beneath  the  river  a 
5  and  sandstone  formation  110  feet  thick — 
Vermejo — occurs  between  the  top  of  tlio 
idad  sandstone  and  the  biise  of  the  Raton 
.ation.  About  half  a  mile  farther  down- 
,in  a  section  was  measured  in  the  nortli 
of  the  canyon.  The  Trinidad  sandstone 
ds  locality  is  about  100  feet  thick,  forms  a 
picuous  cUfT,  and  contains  the  character- 
fossil  Z/aZyTn^m^f  5  major  Lesquereux.  Its 
r  part  is  stained  dark  brown  or  black,  and  a 
lenoting  its  upper  limit  in  the  section  be- 
uras  drawn  at  the  horizon  where  the  mas- 
sandstone  gives  place  to  carbonaceous 
The  rocks  above  the  Trinidad  consist 
ale  and  light-colored  granular  sandstone 
obviously  bc^long  to  the  Vermejo  forma- 
>ut  that  show  no  indication  of  coal.  On 
rocks  the  basal  conglomerate  of  the  Raton 
tion  rests  with  unev(»n  base.  Only  the 
part  of  the  Raton  was  measured  here. 
ection  follows: 


Section  of  roch  meoMured  at  locality  6,  Cimarron  Canyon^ 

N,  Mex. 

(For  gn^hlc  section  see  PI.  V,  p.  £6.] 
Raton  fonnation:  peet. 

Conglomerate,   resting  with  uneven  base  on 

shale lOi 

Unconformity.  === 

Vermejo  formation: 

Sandstone  and  shale,  not  continuously  exposed. .  6(^ 

Shale,  with  layers  of  shaly  sandstone 30 

Sandstone,  with  partings  of   shale 25^ 

Shale,  carbonaceous  (horiz^on  of  lowest  coal) . .  8 


Trinidad  sandstone:  123 
Sandstone,  containing  Haiymenites  major  Les- 
quereux   lOOir 


LOOALXTT  7. 


233± 


About  a  mile  farther  downstream  a  section 
wad  measiu'ed  at  locaUty  7,  in  the  north  wall 
of  the  canyon,  here  nearly  1,000  feet  high» 
The  section  includes  the  top  of  the  Pierre  shale^ 
the  Trinidad  sandstone,  the  Vermejo  forma- 
tion,  and  the  lower  part  of  the  Raton  forma- 
tion. The  canyon  wall  is  very  precipitous  and 
the  greater  part  of  it  is  formed  by  the  cliflFs  of 
massive  sandstone  that  constitute  the  lower 
part  of  the  Raton.  (See  PL  VI.)  The  lower 
part  of  the  wall  does  not  differ  in  character 
from  that  shown  in  figiu-e  1  (p.  72),  which, 
illustrates  the  general  character  of  the  rocka 
farther  downstream.     The  section  follows: 

Section  of  rocks  m^easured  at  locality  7,  Cimarron  Canyon, 

X.  Mex. 

(For  graphic  section  see  Pis.  V  (p.  56)  and  X  (p.  108).] 

Raton  formation:  Keet. 

Sandstone,  coarse  grained,  massive  cliff-making. .   180 

Sandstone,  locally  conglomeratic 90 

Sandstone,  with  partings  of  shale 10^ 

Sandstone,  locally  conglomeratic 196- 

Shale,  sandy,  carbonaceous,  with  thin  seams  of 

coal 2^ 

Sandstone,  cliff-making,  conglomeratic,  with  sili- 
ceous pebbles  1  inch  in  maximum  diameter 34 

620 
Unconformity.  == 

Vermejo  formation: 

Shale,  gray,  sandy 12 

Sandstone,  brown,  massive,  coarse  grained,  friable  22 

Covered 10 

Sandstone,  gray,  massive,  coarse  grained,  soft  and 

friable 3S 

Shale,  drab  to  black,  carbonaceous,  not  continu- 
ously exposed 22 

Sandstone,  gray,  massive,  and  friable '^7 

Sandstone,  thin  bedded liJ 
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Vermejo  formation — Continued.  Feet. 

Shale,  brown,  carbonaceous 5 

Sandstone,  with  partings  of  shale 5 


164 


Trinidad  sandstone: 

Sandstone,  greenish  drab  near  the  top,  weather- 
ing to  dark  brown;  contains  Halymenites  major 

Lesquereux 112 

Pierre  shale: 

Transitional  zone. 
*  Shale,  fossiliferous. 


905 


The  bod  of  tho  rivor  is  about  20  feet  below  the 
top  of  the  Pierre  shale  at  this  locality  and  a 
good  exposure  of  it  was  found  in  the  north 
bank.  It  contams  globular  concretions  of 
brittle  limestone  a  few  inches  to  2  feet  or  more 
in  diameter,  and  from  these  the  following 
invertebrates  were  collected : 

Pierre  shells   collected  at    locality    7,    Cimarron    Canyon, 

N.  Mez. 

(U.  S.  Qeol.  Survey  fossil  localities  6554  and  MQ8.] 

Anomia  sp. 

Baculites  ovatus  Say. 

Heteroceras  sp. 

Inoceramus  barabini  Morton. 

Inoceramus  sagensis  Owen. 

Leda  sp. 

Lunatia  sp. 

Placenticeras  intercalare  Meek  and  Hayden. 

Syncyclonema  sp. 

The  Trinidad  sandstone  forms  a  conspicuous 
cliff  and  is  a  little  thicker  at  this  locality  than 
is  common.  The  upper  part  of  it  is  dark  and 
very  hard,  contrasting  sharply  with  the  over- 
lying rocks,  which  are  relatively  soft.  The 
Vermejo  formation  is  about  164  feet  thick,  as 
compared  with  123  feet  a  mile  to  the  northwest 
and  10  feet  or  less  3  miles  to  the  northwest.  It 
consists  of  light-colored,  soft,  granular  sand- 
stone and  shale,  which  is  carbonaceous  in  some 
places  but  is  not  known  to  contain  coal.  This 
apparent  absence  may,  however,  be  due  to  poor 
exposures,  for  a  little  more  than  a  mile  to  the 
southeast  tho  formation  contains  3  beds  of  coal. 

The  basal  conglomerate  of  the  Raton  forma- 
tion rests  with  uneven  base  on  the  Vermejo.  It 
consists  of  a  massive,  coarse-grained,  quartzose 
sandstone,  in  which  are  included  irregular 
masses  of  pebbles  up  to  an  inch  or  more  in 
diameter  composed  mainly  of  siliceous  rock. 
It  has  the  aspect  and  general  character  of  the 
conglomerate  in  Vie  Park  but  is  not  so  thick. 
The    higher   conglomerates    correspond    in    a. 


general  way  to  the  second  and  third  conglom- 
erates of  the  section  measured  in  the  park  at 
locality  2.     (See  p.  67.) 

About  50  feet  above  the  base  of  the  Raton 
formation  thin  beds  of  coal  were  found  in  a 
sandy  shale.  This  occurrence  is  significant, 
for  farther  west  this  shaly  zone  is  not  known 
to  be  coal  bearing.  However,  it  thickens  to 
the  east  and  north.  Thin  beds  of  coal  were 
observed  in  it  in  many  places,  and  these  become 
more  and  more  prominent  until  in  the  north- 
eastern part  of  the  Raton  field  tho  largest,  or 
Sugarite,  coal  bed  attains  considerable  economic 
importance. 

LOCALITT  8. 

In  the  north  wall  of  Cimarron  Canyon,  about 
6  miles  northwest  of  Cimarron,  at  locality  8,  1 J 
miles  southeast  of  locality  7,  the  rocks  of  the 
Vermejo  formation  are  well  exposed  and  offer 
one  of  the  best  sections  of  the  formation  in  the 
southern  part  of  the  Raton  coal  field.  Several 
hundred  feet  of  Pierre  shale  is  exposed  in  the 
lower  part  of  the  canyon  wall.  A  zone  of  fossil- 
iferous limestone  concretions^  described  else- 
where (p.  73)  as  occurring  near  the  top  of  this 
shale,  was  noted,  but  no  fossils  were  collected 
from  it  at  this  locality.  The  Trinidad  sand- 
stone occurs  in  characteristic  development  and 
contains  great  numbers  of  very  perfectly  pre- 
served Halymenites  major  Lesquereux.  The 
section  follows: 

Section  of  rocks  measured  at  locality  S,  Cimarron  Canyon, 

N.  Mex. 

[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Ft.  in. 
Sandstone,  massive,  quartzoee,  with  spark- 
ling grains  and  contorted  laminae;  rests 
with  uneven  base  on  shale  and  sandstone; 
contains  no  pebbles  but  is  continuous  later- 
ally with  conglomerate 20+ 

Unconformity.  = 
Vermejo  formation: 

Sandstone,  friable;  contains  fossil  plants 10  0 

Shale,  drab  to  black 22  0 

Sandstone,  soft,  friable 5  0 

Shale 5  0 

Sandstone,  soft,  friable 3  0 

Shale,  with  thin  sandstone  at  base 20  0 

Coal 6 

Coal,  with  seams  of  Hhale 1  8 

Coal 1  4 

Shale,  black  to  drab 3  0 

Sandstone,  yellow,  shaly 2  0 

Shale,  black,  carbonaceous 5  0 

Sandstone,  white,  massive,  friable 28  0 

Sandstone  and  shale,  alternating  layers 14  0 
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Vennejo  formation — Continued.  Ft.  in. 

Shale,  drab 9  0 

Sandstone,  white,  massive,  somewhat  shaly.  16  0 

Shale,  black 4  9 

Coal 1  0 

Shale,  black 0 

Coal 1  6 

Shale,  black 11 

Trinidad  sandstone:  163      0 

Sandstone,  containing  Halymenites  major 
Lesquereux 100± 

Pierre  shale: 

Transitional  zone. 

Shale.  == 

283± 

The  section  was  measured  in  a  small  gulch 
where  all  of  the  surface  d6bris  had  been  washed 
away,  leavmg  the  native  rocks  perfectly  ex- 
posed. The  Vermejo  is  about  163  feet  thick 
and  contains  two  beds  of  coal,  both  of  which 
have  been  opened  by  prospectors.  A  short 
distance  farther  west  the  lower  coal  bed  is  con- 
siderably thicker  than  at  this  locality,  the  lower 
bench  measuring  3  feet  6  inches  and  the  upper 
one  5  inches.  Farther  southeast,  between 
localities  8  and  9,  the  lowest  bed  has  been  pros- 
pected in  several  places  and  f oimd  to  vary  but 
little  in  character.  The  maximum  observed 
thickness  is  3  feet  9  inches.  A  few  poorly  pre- 
served fossil  plants  were  found  in  the  highest 
sandstone  of  the  Vermejo  formation.  They 
appeared  to  belong  to  the  same  species  as  those 
found  in  other  places  in  the  Vermejo,  but  none 
was  collected. 

On  the  fossiliferous  sandstone,  a  massive 
quartzose  sandstone  rests  ^vith  imevcn  base. 
lithologicaUy  it  is  identical  with  the  conglom- 
eratic sandstone  at  the  base  of  the  Raton  forma- 
tion in  other  places,  but  no  pebbles  were  foimd 
in  it  at  this  locality.  However,  it  was  traced 
laterally  for  a  short  distance  and  there  found 
to  be  conglomeratic.  The  rocks  higher  in  the 
section  consist  mainly  of  cliff-making  sand- 
stones, but  they  were  not  here  examined  in 
detail. 

TURKXnr  CANYON. 

LOCALrrT    9. 

About  2  miles  southeast  of  locality  8  there 
is  a  small  break  in  the  north  wall  of  Cimarron 
Canyon  known  as  Turkey  Canyon,  through 
which  a  road  leads  to  the  highlands  north  of 
the  Cimarron.  In  the  east  wall  of  this  canyon 
dose  to  the  wagon  road  the  Vermejo  and 
closely  associated  formations  are  well  exposed, 
and  the  following  section  was  measured: 


Section  of  rocks  measured  at  locality  9,  in  Cimarron  Cany 

N.  Mex, 

[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Ft. 

Sandstone,     massive,     quartzose,     locally 

conglomeratic 20-f- 

Unconformity.  === 

Vermejo  formation: 

Shale,  sandy;  contains  fossil  plants — Fkus 
leei  Knowlton  and  other  forms  not  iden- 
tified (U.  S.  Geol.  Survey  fossil  local- 
ity 5828) 12 

Sandstone  and  shale;  not  continuously  ex- 
posed       15 

Shale,  drab 10 

Sandstone,  yellow  to  brown,  soft  and  fri- 
able        11 

Shale,  drab  to  yellow 6 

'Sandstone,  yellow,  thin  bedded 9 

Shale,  drab  to  black 8 

Coal,  bony 1 

Shale,  drab  at  base,  carbonaceous  near  the 

top 10 

Sandstone 25 

Shale 

Sandstone,  white,  coarse,  massive,  friable. .      36 

Shale,  drab 16 

Coal 1 

Shale,  drab 7 

167 

Trinidad  sandstone 100± 

Pierre  shale: 

Transitional  zone. 

Shale,  fossiliferous  (6555).  ^== 

287  ± 

The  upper  part  of  the  Pierre  shale,  200  f 
or  more  in  thickness,  is  well  exposed  in  1 
east  wall  of  Turkey  Canyon  and  is  very  fosi 
iferous.  Most  of  the  sheUs  are  embedded 
concretions  of  limestone,  but  some  of  th 
occur  separately  in  the  shale.  Large  amm< 
ites  are  especially  abimdant,  and  some  of  th 
attain  a  diameter  of  more  than  2  feet.  C 
which  was  dug  out  entire  measured  26  incl 
across  and  was  by  no  means  the  largest  fom 
Most  of  the  ammonites  occur  in  the  centers 
Umestone  concretions  and  it  is  difficult 
extract  the  larger  ones  unbroken.  The  f 
lowing  species  of  invertebrates  were  obtair 
at  this  locality  100  feet  or  more  below  the  1 
of  the  Pierre  shale: 

Pierre  fossils  collected  in    Turkey   Canyon,    northicesi 

Cimarron,  N.  Mex. 

[C.  S.  Gool.  Survey  fossil  locality  6555.] 

Anomia  sp. 

Avicula  sp. 

Baculites  compressus  Say. 

Crassatellites  cimarronensis  \\Tute. 
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InocMiuniu  oblongua  Meek. 

InoceratnuB  ragensu  Owen. 

Limaap. 

Lioputha  (<'yinella)  uiidata  Meek  and  Hayden. 

Lucina  ep. 

Nemudun  ep. 

Odontobaais?  np. 

Oalrea  ep. 

PlacenticeraM  intercalare  Meek  and  Ilaydcn  var. 

Place  nticeras  whitfieldi  Hyatt? 

Pyrif  usua?  sp. 

i^caphiles  nodiisua  Owen. 
Th(!  Trinidaii  sandstone  is  tj-pically  devel- 
oped at  this  locality  but  waa  not  examined  in 
detail.  Its  thickness  was  estimated.  Tlio 
Vermejo  formation  has  practically  the  same 
thickness  here  as  at  localities  7  and  8.  Appar- 
ently this  foi-n\ation  tliins  most  rapidly  frem 
southwest  to  northeast.  The  localities  de- 
scribed in  Cimamm  Canyon  are  in  aline  nearly 


FiauKK  1.— I'iem  sbale  and  j'ouDgv  tnniiatiaiu  la  dmamm  Cau^oi],  N. 
T,  Trinidad  sandstone;  V,  Vwntajo  IbniuUni;  U,  unoontormilr  b«ti 
Raton  lorTruU Ions;  R,  Raton  lOrnistian, 


at  right  angles  to  this  direction,  and  probably 
for  this  reason  the  formation  along  this  river 
does  not  change  in  thickness  so  rapidly  as  it 
would  if  the  Une  of  outcrop  trended  in  some 
other  direction. 

The  rocks  of  the  Vermejo  consist  of  light-, 
colored  granular  sandstone  and  shale,  in  which 
two  beds  of  coal  are  found  at  practically  the 
horizons  of  the  two  coals  described  at  locality 
8.  The  higher  coal  seems  to  be  of  relatively 
little  importance  near  this  locality.  Although 
14  inches  thick  where  the  section  was  measured 
it  is  bony,  and  about  one-fourth  mile  farther 
south  it  is  only  8  inches  thick.  The  lower  bed 
also  seems  to  be  irregular  in  thickness  near 


this  locality,  measuring  only  a  few  inches  where 
the  outcrop  crosses  Turkey  Canyon.  About 
2  miles  farther  southeast,  however,  between 
localities  9  and  10,  it  has  been  opened  in  nine 
places;  and  the  coal,  as  reported  by  Orestes 
St.  John,  is  relatively  regular  in  character  and 
reaches  a  maximum  thickness  of  a  little  more 
than  4  feet.  la  some  places  between  these 
two  localities  igneous  rock  has  been  intruded 
in  or  near  tlio  bed  and  has  coked  the  coal. 

A  few  fossil  plants  belonging  to  the  Vermejo 
flora  were  found  in  the  sandstone  and  sandy 
shale  ncfur  the  top  of  the  formation,  as  noted 
in  the  section.* 

At  this  lotrality  a  sandstone  about  62  feet 
thick  lying  above  .the  coal-bearing  shale  at 
the  ba.'ie  of  the  Vermejo  i-esembles  the  Trinidad 
sandstone  much  more  closely  than  it  resembles 
the  sandstone  at  higlier  hori- 
zons, although  it  is  softer  than 
the   Trinidad    and    does    not 
stand  as  a  chfT  in  the  sides  of 
the    canyon.       A    sandstone 
Bimilarly  located  in  the  section 
was  noted  iu  several    places 
east  and  north  of  this  locahty, 
and,  but  for  the  fact  that  coal 
occurs  below  it,  would  have 
been  included  with  the  Trini- 
dad.    It  is  the  southward  con- 
tinuation of  the  upper  part  of 
the  Trinidad  sandstone  as  de- 
veloped fartluT  northeast  (see 
PI.  V,  p.  56),  and  the  reasons 
for  including  it  iu  the  Vermejo 
lex.  p,  i*iBm  shale:      at  this  and  neighboring  locaU- 
em  the  Vdnnejo  and       ,.  ^    ,     f 

ties  are  stated  on   page    49. 

r>oubtle.ss  some  of  Ihe  sand- 
stones of  the  lower  part  of  the  Vermejo  farther 
west  are  to  be  correlated  with  this  sandstone, 
but  the  correlation  can  not  now  be  made  with 
confidence. 

CIMARROX. 

LOCAUTT  10. 

East  of  locality  9  the  rocks  are  especially 
well  exposed  in  the  nortli  wall  of  the  canyon. 
(See  fig.  1.)  Great  barren  slopes  are  formed 
on  thfl  Pierre  shale,  and  the  Trinidad  sandstone 
stands  out  as  a  conspicuous  white  cli.T  high  in 
the  side  of  the  canyon,  Tlie  outcrop  of  the 
Vermejo  is  characterized  here,  as  elsewhere,  by  a 
relatively  smooth  slope,  above  which  the  basal 
conglomerate  of  the  Raton  formation  appears 
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in  a  low  but  well-marked  cliff.     The  foUowiug 
section  was  measured  in  the  side  of  the  canyon: 

Section  of  rocks  measured  neccr  Cimarron  Cityt  N-  Mex,^  at 

locality  10. 

[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  fonnation:  Ft.  in. 
Sandstone,  yellow,    maasive,   cliff   making, 

shale  partings  near  top 25  0 

Coal 3 

Sandstone,  yellow,  thin  bedded 8  0 

Sandstone,  yellow,  massive 5  0 

Shale,  yellow,  sandy 3  0 

Coal 2  0 

Shale,  drab 6  0 

Sandstone,  yellow,  fine  grained,  massive 10  0 

Sandstone,  yellowish  white,  massive,  locally 

conglomeratic 25  0 

Sandstone,  yellow,  thin  bedded  and  slialy  at 

base 20  0 

Sandstone,  yellowish  white,  conglomeratic, 

pebbles  up  to  i  inch  in  diameter 11  0 

Coal 1  6 

Shale,  drab  to  yellow,  sandy 10  0 

Sandstone,  yellowish  white,  massive '5  0 

Shale,  drab 6  0 

Coal 1  3 

Shale,  drab  to  black 4  0 

Sandstone,  yellow,  fine  graineil,  shaly,  thin 

bedded 3  0 

Shale,  drab 11  0 

Sandstone,   yellowish  white,   massive,   fine 

grained 7  0 

Shale,  drab 37  0 

Sandstone,  white,  maasive 14  0 

Shale,  drab 61  0 

Sandstone,  yellow,  fine  grained,  massive 3  0 

Shale,  drab  in  color 10  0 

Conglomerate,  white,  coarso  grained,  quartz- 

ose,  groundmass,  with  thick  beds  of  siliceous 

pebbles  up  to  2  inches  in  diameter;  base 

irregular 10  0 

299  0 
Unconformity.            -                                            ^ 

Vermejo  formation: 

Shale,  gray  to  yellow,  sandy 1  0 

Sandstone,  yellow,  massive 3  0 

Shale,  gray  to  yellow,  sandy 12  0 

Coal,  bony 1  0 

Shale,  drab 8  0 

Coal 7 

Shale  with  partings  of  shaly  sandstone 13  0 

Coal,  bony 1  0 

Shale,  drab 7  0 

Sandstone,  white,  friable,  massive ->4  0 

Shale,  drab 15  0 

Coal 2  (J 

Shale 2 

Coal 1  4 

Shale,  drab  at  base,  carbonaceous  at  top 5  0 

114  .7 


Trinidad  sandstone: 

Sandstone  containing  Halymenites  major  Les- 

quereux 

Pierre  shale: 

Sandstone  and  shale,  transitional  beds '. . 

Shale,  fossiliferous  (6556) 


The  zone  of  fossiliferous  limestone 
tions  lies  about  200  feet  below  the  top 
Pierre  shale  and  has  yielded  a  large  co 
of  fossib.  Another  collection  was  m 
about  the  same  horizon  half  a  mile  f  arth 
Anmionite^  are  very  abundant.  Sovera 
and  teeth  of  a"  mososaur  were  found  n( 
base  of  the  shale  slope,  and  the  large 
ceramus  shells  come  from  the  same  h 
The  Nautilus  and  some  of  the  smaller  a 
ites  were  found  near  the  top  of  the 
The  invertebrates  from  these  two  locali 
as  follows : 

Pierre  fossils  collected  near  CiviarroUy  N.  Me 
[V.  8.  Geol.  Survey  fossil  lor^lity  ('»55C.] 

Anemia  sp. 

Baculites  c<)mj)reasufl  Say. 

Crassatellitcs  cimarronensis  White. 

Inooeramiis  oblongus  Meek? 

Inooeramiis  sagenns  Owen? 

Luciiia  sp. 

Martosia?  sp. 

Nautilus  dekayi  Morton. 

Placenticeras  whitfieldi  Hyatt? 

Placenticeraa  intercalare  Meek  and  Ilayc 

Ptychoceras  sp. 

P>Tifuau8?  sp. 

Scaphites  nodusus  Owen. 

The  alternating  sandstones  and  shales 
transitional  zone  at  the  top  of  the  Fiv 
thicker  at  this  locality  than  is  common 
massive  part  of  the  Trinidad  sandstoi 
Uttle  thinner.  It  contains  tho  usurl 
vienites  major  Lesquereux,  and  half  a  m 
of  locaUty  10  it  yielded,  in  addition  to  / 
nites,  two  shells,  Mactra  warrenana  Me 
Hayden  and  an  undescribed  species  of  J 
7nu8j  which  were  found  in  slide  rock  at  i. 
of  tho  Trinidad  sands t(me  (U.  S.  Geol. 
fossil  locttUty  6557)  in  such  a  positio 
they  must  have  come  from  this  ^andsto 

The  Vermejo  formation  contains  at  i 
the  same  coal-bearing  shale  that  was  fc 
the  last  two  locaUties  described,  and  t 
bed    attains    considerable    prominence 
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coal  has  been  prospected  in  many  places  be- 
tween localities  10  and  11,  and  the  records 
show  that  it  attains  considerable  thicknesses 
in  some  places,  the  greatest  reported  thickness 
being  nearly  5  feet.  Above  the  coal-bearing 
shale  is  the  sandstone  described  (p.  49)  as 
probably  equivalent  to  the  upper  part  of  the 
Trinidad  sandstone  as  developed  farther  north. 

At  this  locaUty,  near  the  horizon  of  the 
higher  coal,  as  described  in  the  sections,  there 
are  three  thin  beds  of  coal.  Below  this  horizon 
the  section  corresponds  closely  with  that  meas- 
ured at  locahty  9,  except  that  it  seems  to  lack 
the  upper  60  feet  of  the  Vermejo.  TTiis  differ- 
ence in  thickness  is  in  agreement  .with  the  evi- 
dence of  erosion  observed  at  the  top  of  the 
formation.  The  upper  siu^ace  of  the  Vermejo 
is  irregular,  with  rather  sharp  depressions  4 
feet  or  more  in  depth,  and  the  Vermejo  beds 
are  locally  tilted  to  a  maximum  of  about  5^ 
and  truncated,  and  their  eroded  edges  are 
traversed  by  the  base  of  the  Raton  formation. 

The  basal  conglomerate  of  the  Raton  is  only 
10  feet  thick  at  this  locality,  but  it  is  so  very 
hard  and  resistant  that  it  not  only  forms  a 
prominent  cliff  but,  where  it  lies  above  shale  or 
soft  sandstone,  juts  out  as  an  overhanging  diff. 
The  rocks  above  the  basal  conglomerate  con- 
sist largely  of  shale,  but  another  conglomerate 
lies  near  the  top  of  the  section  and  foiur  thin 
beds  of  coal  were  found,  some  of  which  may  be 
equivalent  to  the  coals  found  in  similar  posi- 
tions farther  north;  these,  however,  had  no 
apparent  bearing  on  the  principal  problem 
imder  investigation  and  received  little  atten- 
tion. 

About  3  miles  west  of  Cimarron  invertebrates 
were  collected  at  a  horizon  in  the  Pierre  shale 
sUghtly  lower  than  that  of  the  collections  from 
Cimarron  Canyon.  They  occur  near  the  foot  of 
a  barren  slope  on  the  south  side  of  the  mesa 
west  of  Cimarron  400  to  500  feet  below  the  base 
of  the  Trinidad  sandstone.  Bones  and  teeth  of 
a  mososaur  were  also  found  at  this  locality. 

Invertebrates  collected  400  to  500  feet  below  the  top  of  the 
Pierre  ihale  8  miles  west  of  Cimarron,  N.  Mex. 

[U.  S.  Ctool.  Survey  fossU  locaUty  6661.] 

Anomia  sp. 

Baculites  compreasus  Say. 
CrasBatellites  cimarronensis  AMiite. 
Fasciolaria  (Pieetochilns)  sp. 


Inoceramus  oblong^us  Meek. 
Inoceramus  sageneds  Meek. 
Inoceramus  vanuxemi  Meek  and  Hayden? 
Lueina  ocddentalis  (Morton)? 
Nautilus  dekayi  Morton. 
Plaoenticeras  whitfieldi  Hyatt? 
Ptychoceras  sp. 

CnCABBON  TO  VAN  BBSMMEB  CANYOK. 

Along  the  southeastern  margin  of  the  Raton 
coal  field  the  coal  beds  outcrop  in  precipitous 
cliffs  that  overlook  relatively  level  plains 
formed  on  the  Pierre  shale.  The  coal  meas- 
lU'es  are  deeply  dissected,  and  the  rocks,  which 
lie  nearly  horizontal,  are  well  exposed  in  many 
places.  The  sections  described  were  all  meas- 
ilred  by  Locke  level  in  the  best  exposed  portions 
of  the  escarpment. 

poxiii  CAirroN. 

LOOALITT  IL 

The  outcrops  of  the  various  formations  were 
observed  around  the  eastern  end  of  the  mesa 
northwest  of  Cimarron,  and  examined  in  sev- 
eral places  in  Ponil  Canyon.  A  section  of  the 
Vermejo  formation  was  measured  at  locality 
1 1  in  the  east  wall  of  Ponil  Canyon,  where  the 
Trinidad  sandstone  passes  beneath  the  level  of 
the  river,  3  miles  northeast  of  the  place  where 
the  last  section  was  measured.  (Tlie  line  rep- 
resenting the  top  of  the  Trinidad  would  cross 
the  river  at  this  locahty,  but  the  line  used  on 
the  map  (PI.  I,  in  pocket)  to  mark  the  bound- 
ary of  the  coal  field  is  the  line  of  outcrop  of 
the  upper  coal  bed.  The  rocks  here  he  nearly 
horizontal  and  the  few  feet  intervening  be- 
tween the  top  of  the  Trinidad  and  the  coal  is 
sufficient  to  throw  the  boundary  line  consider- 
ably farther  upstream  than  would  the  line 
marking  the  top  of  the  Trinidad.)  The  section 
follows : 

Section  of  rocks  measured  at  locality  11  y  Ponil  Canyon^ 

N,  Mex. 

I  For  graphic  section  see  PI.  V,  p.  56.J 

Raton  formation:  pt.    in. 

Conglomerate,  with  pebbles  up  to  half  an 

inch  in  diameter 10+ 

Unconformity.  ' 

Vermejo  formation: 

Shale,  drab  to  yellow  above,  black  and  car- 
bonaceous below,  sandy 50      0 

Goal 6 

Shale,  drab 9      0 

Coal 2      0 


s.  aEOLoaiCML  aunvEV  professionai.  p, 


V,  Vermejo  formation ;  U,  i 


A  NORTH  WALL  OP  CANYON  AT  KOEHLER,  N.  MEX. 

Showina  the  relation  of  the  Vermejo  formation  to  the  Trinidad  sandstone  and  Raton  formatioi 


LOCAL  FEATURES  IN  DETAIL. 


Yermejo  formation — Continued.  Ft.    in. 

Shale,  yellow  to  drab 8     0 

Coal.. 3 

Shale 1 

Coal 4 

Shale,  drab  to  yellow,  black  and  carbonaceouB 

at  top 25     0 

Sandstone,  white,  massive 16      0 

Shale,  sandy. 6      0 

Sandstone,  yellowish  white^  massive 22      0 

Shale,  black 6 

Coal 2      4 

Shale,  sandy 7      0 

144      0 
Trinidad  sandstone 100± 

254d: 

The  two  principal  coal  beds  of  this  section 
are  well  developed,  and  the  intervening  sand- 
stone previotisly  described  as  being  probably 
equivalent  to  the  upper  part  of  the  Trinidad 
sandstone  as  developed  farther  north  is  here 
almost  indistinguishable  from  the  undoubted 
Trinidad  imderlying  it.  Grood  measurements 
were  obtained  of  all  of  the  coal  beds.  In  the 
lowest,  2  feet  4  inches  thick,  the  coal  is  of  fairly 
good  quality  where  its  outcrop  crosses  the 
Ponil.  Near  the  mouth  of  Chase  Creek  it  is  2 
feet  11  inches  thick;  and  between  Chase  and 
Templeton  Canyon  it  is  2  to  3  feet  thick  biit  is 
more  or  less  slaty. 

Above  the  higher  group  of  coals,  the  rocks, 
about  50  feet  thick,  consist  principally  of  shale 
and  soft  shaly  sandstone  and  contrast  rather 
sharply  with  the  rocks  at  the  top  of  the  Vermejo 
formation  a -quarter  of  a  mile  farther  west. 
These  shales  are  overlain  unconformably  by  the 
massive  conglomeratic  sandstone  that  consti- 
tutes the  base  of  the  Raton  formation. 

About  a  mile  west  of  iocaUty  11,  at  the 
mouth  of  a  small  side  gulch,  the  upper  part  of 
the  Vermejo  formation  is  exposed  even  more 
perfectly  than  it  is  in  the  east  wall  of  Ponil 
Oanyon,  but  the  base  is  covered.  The  upper 
part  is  much  more  sandy  than  it  is  at  locality 
11,  and  in  some  places  the  sandstone  is  fuU  of 
fossil  plants.  Ficiis  led  Knowlton,  Saliz  sp. 
i,  Sequoia  ohovatd  Knowlton,  Sequoia  reichen- 
hacki  (Geinitz)  Heer,  and  Sdbalf  ungeri  (Les- 
quereux)  Knowlton  were  collected  a  few  feet 
below  the  top  of  the  Vermejo  formation  (U.  S. 
Geol.  Survey  fossil  locahty  5829).  This  forma- 
tion seems  to  be  also  fossiliferous  in  Dean 


Canyon,  which  was  not  entered  by  the  wr 
but  which  furnished  some  of  the  plants 
lected  by  St.  John  and  included  in  the 
mejo  flora. 

The  basal  conglomerate  of  the  Raton  foi 
tion  is  about  15  feet  thick  at  this  locality  ai 
massive  and  very  resistant.  It  rests  with 
vious  xmconfonnity  on  the  soft  beds  of  the 
mejo,  and  these,  being  so  much  softer  than 
conglomerate,  have  weathered  from  ben 
it  and  left  it  as  an  pverhanging  cliflf.  (Sec 
VII,  A.)  The  higher  rocks  of  the  Raton  foi 
tion  were  not  examined  near  locality  11,  bi 
the  forks  of  Ponil  Creek,  about  2  nailes  far 
northwest,  they  consist  mainly  of  coi 
grained  massive  sandstones  that  form  cliffs 
to  400  feet  high.  These  rocks  were  sean 
for  fossils,  but  only  imperfect  impression 
leaves  were  found. 

LOCALITY  12. 

The  next  section  toward  the  east  examine 
detail  was  in  the  south  wall  of  the  easterm 
point  of  the  mesa  north  of  Ponil  Creek,  a 
cality  12,  nearly  3  miles  southeast  of  locality 
The  side  of  the  mesa  is  very  precipitous, 
several  hxmdred  feet  of  the  top  of  the  Pi 
shale  is  exposed  in  the  lower  part  of  the  i 
The  shale  is  fossiliferous,  but  no  fossils  ^ 
collected.  The  Trinidad  sandstone  is  cha 
teristically  developed  and  appears  as  a  pr 
nent  cliflf  in  the  side  of '  the  mesa.  No  f c 
were  collected  from  it  at  this  locality,  bu 
the  north  wall  of  Ponil  Canyon,  2  miles  far 
west  (U.  S.  Geol.  Survey  fossil  locality  6f 
Halymenites  major  Lesquereux,  Anomiaf 
and  TeUina  scitvla  Meek  and  Hay  den  were 
lected  from  it. 

The  Vermejo  formation  is  110  feet  thic 
this  locality  as  compared  with  144  feet  at  1( 
ity  11,  the  diflference  seeming  to  be  due  to 
absence  of  certain  rocks  at  the  top  of  the  foi 
tion  at  the  latter  locality.  From  the  Trin 
sandstone  up  to  the  higher  coal  the  two  sect 
are  very  much  alike.  The  lowest  coal  be 
about  2  feet  4  inches  thick,  and  the  coal 
pears  to  be  of  fairly  good  quality.  Half  a 
farther  east  this  bed  is  2  feet  8  inches  tl 
Only  one  higher  bed  of  coal  about  6  inches  t 
was  found,  but  other  beds  correspondinj 
those  found  about  this  horizon  in  sectioi 
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probably  occur  in  the  poorly  exposed  rocks 
above  the  6-mch  bed.     The  section  follows: 

Section  of  rocks   measured  at  locality  No.   12,   mouth  of 

Ponil  Canyon,  N,  Mex, 

[For  graphic  section  see  VI.  V,  p.  56.] 

Raton  fonnation:                                                   Ft.  in. 

Sandstone,  yellow,  masRive,  cliff  making..  175  0 
Sandstone    and    shale,    not    continuously 

exposed 229  0 

Conglomerate,  pebbles  up  to  half  an  inch  in 

diameter 10  0 

414      0 
Unconformity.  •-  = 

Vermejo  formation: 

Covered,  but  chiefly  shale 28  0 

Coal 6± 

Shale,  drab .' 30  0 

Sandstone,   white,   massive;  not  continu- 
ously exposed 33  0 

Covered 11  0 

Coal 2  4 

Shale,  drab  to  yellow,  sandy 6  0 

110    10± 
Trinidad  sandstone: 

Sandstone,   containing  Halymenitea  major 

Lesquereux 100± 

Pierre  shale: 

Transitional  zone. 

Shale,  fossiliferous.  - 

624  ± 

The  conglomerate  at  the  base  of  the  Raton 
formation  is  much  less  conspicuous  at  this 
locality  than  it  is  farther  west.  It  contains 
siliceous  pebbles  and  rests  with  uneven  base 
on  the  softer  rocks  of  the  Vermejo  formation. 
The  cliffs  rise  about  400  feet  above  the  con- 
glo.uerate  and  are  composed  mainly  of  massive 
sandstone,  but  details  were  not  obtained  of 
this  part  of  the  section.  The  coal  outcrops  at 
a  horizon  a  Uttle  above  the  top  of  the  section 
and  a  short  distance  back  from  the  edge  of 
the  cliff.  For  this  reason  it  was  not  included 
in  the  section. 

KN^CENOSO  CKEBK. 

LOCALITY  IS. 

About  a  mile  east  of  locahty  12  and  2  miles 
south  of  Encenoso  Canyon,  in  the  north  wall 
of  a  small  recession  in  the  cliff,  a  short  section 
was  measured  (locality  13).  The  upper  part 
of  the  Pierre  shale  is  exposed  and  the  Trinidad 
sandstone  was  found  characteristically  devel- 
oped. It  is  90  feet  thick,  forms  a  prominent 
cUff,  and  is  separated  as  usual  from  the  typical 
Pierre  shale  by  •  thin-bedded  sandstones  and 
shales.     No  indication  was  found  of  a  shale 


parting,  such  as  appears  near  the  middle  of  the 
Trinidad  in  sections  to  follow.  The  lower  coal 
of  the  Vermejo  formation,  which  is  a  bed  of 
considerable  thickness  in  Cimarron  and  Ponil 
canyons,  seems  to  thin  toward  the  north  and 
at  this  locality  is  only  a  few  inches  thick  and 
is  coked  by  an  intrusion  of  igneous  rock. 
However,  in  the  point  of  the  mesa  a  few  hun- 
dred yards  farther  north  a  coal  bed  3  feet  or 
more  in  thickness  was  found.  But  whether  it 
is  the  lower  coal  previously  described  or  a 
higher  one  was  not  satisfactorily  determined. 
The  shale  and  shaly  sandstone  associated  with 
this  lowest  bed  -of  coal,  both  at  this  locahty 
and  farther  to  the  south,  are  yellowish  brown 
and  have  a  mottled  appearance  different  from 
that  of  any  other  bed  in  the  section.  This 
character  becomes  important  at  this  locality 
because  it  helps  in  correlating  these  beds  with 
those  of  the  next  localities  described.  The 
30-foot  sandstone  above  this  coal  bed  is  more 
prominen  t  here  than  it  is  farther  to  the  south,  and 
it  contained  many  impressions  of  Tlalymenites 
major  Lesquereux.  These  fossils  throughout 
the  Raton  Mesa  region  are  characteristic  of  the 
Trinidad  sandstone,  and  their  presence  in  the 
sandstone  above  the  lower  coal  at  this  locahty 
is  one  of  the  reasons  for  correlating  it  with 
the  upper  part  of  the  Trinidad  farther  north. 
The  upper  coal  bed  of  the  Vermejo  formation 
found  at  the  several  localities  farther  south  is 
well  developed  here. 

The  base  of  the  Raton  formation  is  readily 
determined  because  of  the  conglomeratic  sand- 
stone that  here  rests  unconformably  on  the 
Vermejo.  A  section  of  the  Vermejo  was 
measured  here  on  the  rocks  above  it.  The 
section  follows: 

Section  of  rocks  measured  at  locality  13,  2  miles  south  of 

Encenoso  Creek,  N.  Mex. 

[F«  graphic  section  see  PI.  V,  p.  46.] 
Raton  formation:  pt.    in. 

Conglomerate,  with  siliceous  pebbles  up  to 

one-half  inch  in  diameter 20-f- 

Unconformity.  === 

Vermejo  formation : 

Shale,  drab 20      0 

Coal,  bony 1      2 

Shale,  drab  at  base,  carbonaceous  and  black 

at  top 6      0 

Shale,  drab;  not  continuously  exposed 35      0 

Suidstone,  light-colored,  massive,  similar 
in  character  to  the  Trinidad  sandstone; 
contains  many  impressions  of  Halymenites 
fnajor  I.*esquereux 30      0- 


Local  features  in  detail. 


Vermejo  formation — Continued.  Ft.    in. 

Shale,  black 4 

Coke,  with  columnar  structure 9 

Sill  of  igneous  intrusive  rock 2      0 

Coal 6 

Shale,  drab  to  black,  mottled 2      0 

Sandstone,  brown 1      0 

Shale,  brown  to  yellow,  sandy,  mottle<l 3      0 


101       9 
Trinidad  sandstone: 

Sandstone,    containing    I lalymenitea    major 

I^esquereux IK)      0 

Pierre  shale: 

Transitional  zone. 

Shale.  == 

211+ 

It  is  a  matter  of  considerable  importance  in 
correlating  the  sections  in  this  region  that  the 
various  beds  at  locaUty  13  should  be  traced 
continuously  northward  through  Encenoso  and 
Cerrososo  canyons,  but  Unfortunately  this 
could  not  be  done  because  of  the  brushy  con- 
dition of  the  surface.  In  the  south-side  gulch 
tributary  to  Encenoso  Canyon,  between  locaU- 
ties  13  and  13a,  the  upper  part  of  the  Trinidad 
sandstone  and  the  overlying  bed  of  coal  is 
exposed,  and  at  locality  13a  a  considerable 
thickness  of  higher  rocks  is  exposed.  These 
places  were  not  visited  by  the  writer  but  were 
examined  by  Orestes  St.  John,  and  the  follow- 
ing section  is  taken  from  his  report  to  the 
Raton  Coal  Co. 

Section  of  rocks  measured  by  Orestes  St.  John  at  locality  l.Sa, 

Encenoso  Canyon j  N,  }i^. 

( For  graphic  iwction  see  PI.  V,  p.  66.] 

Sandstone,  masrive,  buff-colored.  jt.  in. 

Sandstone,  ni8ty,  nodular 3  0 

Shale,  sandy 8  6 

Coal,  with  layers  of  shale  and  bone 3  2 

Shale,  drab  to  black,  sandy 5  fJ 

Sandstone,  shaly 1  (J 

Shale,  drab  to  black 9  6 

Sandstone,  rusty,  shaly,  mxlular 5  « 

Shale,  dark 5  o 

Sandstone,  buff-colored \  G 

Shale,  drab  to  black S  iS 

Sandstone,  buff-colored,  nrift 5  0 

Coal 8 

Shale 5 

Coal 1  11 

Shale 11  0 

Sandstone  [Trinidad,  upper  part] 30± 

Shale,  brown 5  0 

Sandstone  [Trinidad,  lower  part).  

109± 

Critical  comparison  of  this  section  with  those 
preyi&usly   described    and   inspection   of   the 


columnar  sections  of  Plate  V  (p.  66)  s 
that  the  lowest  sandstone  is  obviously 
Trinidad  of  section  13  and  the  lower  sands 
of  the  Trinidad  of  section  14.  The  5  fee 
brown  shale  seems  to  correspond  to  the  lo 
coal-bearing  shale  of  the  localities  farther  s< 
(which  was  only  a  few  inches  thick  at  loci 
13)  and  to  be  associated  with  brown  and  ye 
shale.  The  30-foot  or  upper  sandston 
obviously  the  same  as  the  upper  sandston 
the  Trinidad  at  locality  14  and  as  the  h 
m^ni^-bearing  sandstone  above  tne  lo^ 
coal  bed  in  section  13.  The  lowest  coal  of 
tion  13a  was  not  found  at  other  localities  : 
Encenoso  Canyon,  probably  because  of  ] 
exposures  and  the  correlation  of  the  hi] 
beds  with  those  of  neighboring  sections  is 
visional  and  their  probable  relations  are 
indicated  by  the  plotted  sections  of  Plat 
(p.  56). 

LOCALXTT  li. 

In  the  Encenoso  embayment,  north  of  Ic 
ity  13,  the  rocks  arc  covered  with  brush 
debris  in  many  places  along  the  outcrop, 
at  locality  14,  about  \\  miles  northeas 
locality  13  and  nearly  2  mUes  east  of  loci 
13a,  they  are  well  enough  exposed  at  cri 
places  to  make  possible  their  correlation  '• 
those  described  farther  south.  The  follow 
section  was  measured  in  the  projecting  p 
of  the  mesa  north  of  Encenoso  Creek. 

Section  of  rocks  measured  at  locality  7.;,  in  the  point  « 
mesa  north  of  Encenoso  Canyon,  N.  Mex. 

[  For  graphic  section  hcc  T  1.  V,  p.  5«.l 
Katon  formation : 

Conglomerate,  with  siliceous  pebbles  up  to  1 

inch  in  diameter 

Probable  unconformity.  = 

Vermejo  fonnation: 

Covered,  exposures  o£  drab  and  black  shale  in 

some  places 

Sandstone,  massive,  containing  griiat  numbers 

of  IlaLym^nitcs  major  Les(juereux 

Sandstone,  yellow,  shaly,  mottled 

Shale,  sandy  at  the  base,  black  and  carbona- 
ceous at  the  top 

Trinidad  sandstone: 

Sandstone,  containing  Halymenites  major  Les- 

quereux 

Pierre  shah*:  = 

Sandstone  and  shale.    Transitional  zone 

Shale,  fossiliferous J 
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The  Pierre  shale  occupies  the  lower  half  of 
the  slope  and  contains  fossils,  but  none  were 
collected.  The  Trinidad  sandstone  occurs  as 
a  prominent  cliflf,  and  although  it  is  little 
thinner  it  is  otherwise  unchanged  from  its  con- 
dition farther  south.  Above  this  sandstone 
there  is  a  4-foot  bed  of  black  carbonaceous 
shale,  which,  from  a  little  distance,  might 
easily  be  mistaken  for  coal.  This  shale  is 
overlain  by  yellowish  mottled  sandy  shale 
similar  to  that  associated  with  the  lowest  coal 
at  locality  13. 

Above  this  carbonaceous  bed,  which  evi- 
dently  marks  the  horizon  of  the  lower  coal  bed 
of  locality  13  and  the  lowest  shale  of  locality 
13a,  there  is  a  50-foot  sandstone  which  is  nearly 
as  resistant  as  the  imderlying  sandstone.  It 
has  a  yellowish  tint  but  is  otherwise  like  the 
typical  Trinidad  sandstone  of  other  localities 
and  contains  great  nmnbers  of  HalymeniUs 
major  Lesquereux,  the  characteristic  fossil  of 
the  Trinidad  throughout  the  Raton  Mesa 
region.  The  rocks  between  this  sandstone 
and  the  overlying  conglomerate  are  very  im- 
perfectly exposed,  and  although  no  coal  was 
foimd,  the  occurrence  of  black  carbonaceous 
shale  at  the  surface  indicates  that  coal  corre- 
sponding in  position  to  the  upper  bed  (locaUty 
13)  may  be  found  here. 

The  base  of  the  Raton  formation  consists  of 
conglomeratic  sandstone  20  feet  or  more  in 
thickness,  which  forms  a  broad  shelf  and  caps 
the  mesa  at  this  point.  It  is  hard  and  resists 
erosion  to  such  an  extent  that  it  stands  out  in 
the  sides  of  the  mesa  as  a  prominent  cliff. 

CERROSOSO  CANTON. 

LOCALITT  U. 

Between  the  forks  of  Cerrososo  Creek,  about 
3  miles  northwest  of  locality  14,  the  Trinidad 
sandstone  and  the  basal  conglomerate  of  the 
Raton  formation  are  well  exposed  in  pre- 
cipitous cliffs.  The  Pierre  shale  forms  barren 
slopes  and  is  fossiliferous,  but  only  one  species, 
Placenticerds  whitfieldi  Hyatt?,  was  collected 
(U.  S.  Geol.  Survey  fossil  locality  6559). 
These  ammonites  are  especially  abimdant  at 
this  locality  and  occur  in  limestone  concre- 
tions 100  feet  or  more  below  the  top  of  the 
formation.  The  following  section  was  meas- 
lu-ed  at  this  locaUty: 


Section  of  rocks  metmired  at  locality  15,  forks  of  Cerrososo 

Canyon,  N.  Mex. 

(For  graphic  section  see  PI.  V,  p.  M.) 

Raton  formation:  Feet. 

Sandstone,  conglomeratic,  with  pebbles  up  to 

1  inch  in  diameter  in  lower  10  feet 22-|- 

Unconformity. 

Yermejo  formation  and  Trinidad  sandstone: 

Shale,  not  continuously  exposed 55 

Sandstone  (Trinidad),  containing  HalymeniUs 
major  Lesquereux.  It  is  the  sandstone 
which  constitutes  the  top  of  tlie  Trinidad 
farther  north  and  which  overlies  the  lowest 

coal  farther  to  the  south 55 

Shale,    dark   drab   to  yellowish   brown,  and 

carbonaceous  in  some  places 1 

Sandstone  (Trinidad),  containing  Halymeniies 

major  Lesquereux 70 

Pierre  shale: 

Sandstone  and  shale.    Transitional  zone. 

Shale,  fossiliferous  (6559) 200 

423+ 

The  Trinidad  sandstone  is  imnsually  thick 
at  this  locaUty  if  all  of  the  massive  sandstone 
above  the  Pierre  shale  be  included.  It  con- 
sists of  two  parts  separated  by  a  thin  layer 
of  shale.  The  lower  part  is  70  feet  thick  and 
contains  the  fossil  fucoid  Haiymenites  major 
Lesquereux  characteristic  of  the  Trinidad 
sandstone.  Tliis  sandstone  is  obviously  the 
same  as  the  75-foot  sandstone  of  locality  14. 
Unfortimately  the  rocks  in  the  south  wall  of 
Cerrososo  Canyon  are  not  well  exposed,  and 
although  there  is  a  strong  presumption  that 
the  foot  of  shale  at  the  top  of  this  sandstone 
corresponds  to  the  carbonaceous  shale  which 
separates  the  two  thick  plates  of  sandstone  at 
locality  14,  it  can  not  be  confidently  asserted 
that  this  correlation  is  correct.  However,  the 
shale  at  both  places  has  the  same  pecuUar 
brownish-yellow  color  and  holds  the  same 
stratigraphic  position. 

The  higher  sandstone  is  a  little  less  resistant 
than  the  lower  and  forms  a  less  precipitous 
cliff,  but  otherwise  it  does  not  differ  notably 
from  the  lower.  Apparently  it  is  to  be  cor- 
related with  the  sandstone  which  overlies  the 
lower  coal  bed  farther  to  the  south.  (See  PL 
V,  p.  56.) 

The  rocks  intervening  between  this  upper 
sandstone  and  the  overlying  conglomerate 
consist  mainly  of  shale  but  are  not  continu- 
ously exposed.     Probably  they  contain  one  or 
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more  beds  of  coal,  but  no  coal  was  observed 
at  the 'outcrop.  The  records  of  certain  pros- 
pects opened  several  years  ago  indicate  that 
coal  occurs  in  this  vicinity,  probably  in  this 
55-foot  shale  series.  In  the  gulch  between 
localities  14  and  15,  about  a  inile  south  of 
locaUty  15,  a  3-foot  bed  of  carbonaceous  shale 
and  thin  seams  of  coal  occur  near  the  base  of 
the  shale  series.  In  the  south  fork  of  Gmto- 
soso  Canyon,  at  the  point  where  the  outcrop 
of  the  THnidad  sandstone  crosses  the  creek, 
there  is  a  similar  bed  of  carbonaceous  shale 
and  coal.  In  the  north  fork  of  Cerrososo 
Canyon  this  carbonaceous  shale  and  three 
higher  beds  of  coal  are  exposed.  In  the  records 
of  these  prospects  St.  John  gives  the  follow- 
ing section,  measured  in  the  north  fork  about 
half  a  mile  north  of  locality  15: 

Sedion  of  rocks  reported  by  Orestes  St.  John  at  locality  15a^ 

Cerrososo  Canyon^  N.  Mex. 

(For  graphic  aec^tion  see  PI.  V,  p.  fi6.) 

Ft.     In. 

Sandstone 7  0 

Shale,  diab  to  brown 5  0 

Sandstone,  buff-colored 4  0 

Coal 6 

Shale,  brown  to  drab 94- 

Coal 6 

Shale,  drab,  sandy 5  6 

Coal ! 2  5 

Shale,  dark,  with  thin  seams  of  coal 16  6 

Sandstone,  rusty 3  0 

Shale,  dark,  with  thin  seams  of  coal. 14  0 

Sandstone,  buff-colored 3± 

Shale,  brown,  with  streaks  of  coal  in  upper  part 6  0 

Sandstone,  rusty 6± 

Sandstone  [Trinidad],  gray.  

82  ± 

Apparently  the  gray  sandstone  at  the  base 
of  this  section  and  the  rusty  layer  at  its  top 
constitute  the  upper  massive  sandstone  de- 
scribed at  locality  15,  and  the  coal-bearing 
shales  correspond  in  position  to  the  shale 
series  between  the  sandstone  and  the  overlying 
congjomerate.  The  writer  has  not  seen  this 
section,  and  he  is  not  certain  that  the  sand- 
stone at  the  top  of  St.  John's  section  is  the 
conglomerate  of  section  15,  but  it  corresponds 
closely  to  it  in  stratigraphic  position  and  is 
provisionally  correlated  with  it.  (See  PI. 
V,  p.  56.) 

The  conglomeratic  sandstone  at  the  base 
of  the  Raton  formation  at  locality  15  is  hard, 
massive,  coarse  grained,  and  resistant.  Its 
upper  part  has  been  eroded,  but  22  feet  of  it 


still  remains.  Because  of  its  superior  h 
ness  it  forms  a  bench  in  the  side  of  the  n 
that  is  readily  recognized.  No  observat 
were  made  near  this  locahty  on  the  rock 
higher  horizons. 

LOCALITY  16. 

About    a    mile    west    of    the    eastemi] 
prominent  point  of  the  mesa  north  of  Cerroi 
Creek  and  about  3  miles  southeast  of  Iocs 
15a  and  2  miles  fromJocahty  14  the  follow 
section    was    measured     Gocality    16). 
Pierre  shale  is  covered  with  brush  and  s 
rock  and  no  observations  were  made  or 
The  base  of  the  Trinidad  is  not  exposed, 
the  formation  was  found  to  consist  of 
sandstones,  each  about  50  feet  thick  and  < 
containing  the  fossil  f ucoid  characteristic  oi 
Trinidad.    The  two  sandstones  are  separi 
by  3  feet  of  sandy  shale,  which  probably  re 
sents  the  lowest  bed  of  coal  farther  so 
There  is  no  doubt  here  such  as  existed  at 
localities  farther  south  regarding  what  s 
be   included   in   the   Trinidad.    The    top 
upper  sandstone  is  clearly  what  was  origin 
described   as  Trinidad.     In   the  sections 
scribed  hereafter  this  upper  IlalymenitesA} 
ing  sandstone  constitutes  the  Trinidad, 
the  Vermejo  formation  is  described  as 
sisting  of  the  rocks  intervening  between 
sandstone    and    the    overlying    conglomei 
although  these  rocks  obviously  represent  < 
the  upper  part  of  the  Vermejo  as  descr 
farther  to  the  south.     The  section  follow 

Section,  of  rocks  measured  at  locality  16  ^  north  wall  of  ( 

soso  Canyon^  N.  Mex. 

(For  graphic  section  see  PI.  V,  p.  56.J 

Raton  formation:  Ft 

Conglomerate,  with  p>ebble8  one-fourth  inch 
in  diameter,  resting  with  uneven  base  upon 

shale 20 

Unconformity.  = 

Vermejo  formation: 

Shale,  light-colored 5 

Coal,  dirty 

Shale,  drab 16 

Covered  (coal  blossom) 7 

Shale  and  thin-bedded  sandstone 11 

Coal ...-. 1 

Shale 7 

Sandstone,  white,  friable,  granular 5 

Shale,  buff-colored  to  black,  with  thin  seams 
of  coal 11 

63 
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Trinidad  sandstone:  Ft.    in. 

Sandstone     containing    Ilalymenites     major 

Lesquereux 50        0 

Shale,  sandy 3        0 

SandRtone    containing     Halymenites    major 

Lesquereux 50± 

103  ± 


186  ± 

The  Vermejo  formation,  about  63  feet  thick, 
is  coal  bearing  at  this  Jocality,  and  the  coal 
beds  correspond  in  position  with  those  of  other 
localities  on  either  side.  The  coal  beds  have 
been  prospected  in  a  branch  of  Cerrososo  Can- 
yon west  of  locality  16.  At  the  head  of  this 
branch,  about  a  mile  northwest  of  locality  16, 
St.  John  reports  IJ  feet  of  coal  about  4  feet 
above  the  basal  (Trinidad)  sandstone,  but  in  a 
section  which  he  measured  a  few  himdred  feet 
farther  east  he  found  no  coal  at  this  horizon. 
His  section  of  the  lower  part  of  the  Vermejo 
formation  follows: 

Section  of  rocks  measured  by  Orestes  St.  John  in  a  branch  of 

Cerrososo  Canyon^  N.  Mex, 

Ft.    In. 

Sandstone,  bu£f-coiored,  friable 6      5 

Coal 5 

Shale 4-f 

Coal 1      2 

Shale 1 

Coal 2      6 

Shale,drab 14      0 

Shale,  brown,  with  thin  seams  of  coal 3      0 

Sandstone,  buff-colored,  shaly 2-f 

Not  exposed .       10± 

Shale,  brown 5± 

Sandstone,  ''ba^al"  [Trinidad].  

44  ± 

In  the  gulch  halfway  between  this  locality 
and  locality  16  St.  John  reports  the  occurrence 
of  only  thin  seams  of  coal  at  the  lowest  coal 
horizon  and  no  vestige  of  the  higher  coal;  but  at 
locaUty  16;  only  half  a  mile  farther  southeast, 
two  beds  of  coal  lie  above  the  thin  seams  of 
the  lowest  horizon.  It  is  not  known  whether 
the  absence  of  coal  in  certain  ])laces  is  duo  to 
nondeposition  or  to  post- Vermejo  erosion  or  is 
only  apparent,  being  so  reported  through  some 
misinterpretation  of  horizons.  More  detailed 
observations  are  necessary  in  this  vicinity  be- 
fore the  various  sections  can  bo  definitely  cor- 
related. 

TAN  BREMMEU  CREEK. 

LOCAUTY  17. 

South  of  Van  Bremmer  Creek,  about  a  mile 
east  of  locality  16,  the  rocks  are  well  exposed 


from  the  foot  of  the  slope  to  the  top  cf  the  mesa. 
A  section  measured  at  locality  17  foUowa: 

Section  of  rocks  measured  at  locality  17,   south  of  Van 

Bremmer  Creeky  N.  Mex, 

[For  graphic  section  see  Pi.  V,  p.  56.] 

Raton  formation:                                                       pt.  in. 

Sandstonf ,  yellow,  massive 140  0 

Shale,  drab 15  0 

Coal .' 10 

Shale,  black,  carbonaceous 2  0 

Coal 6 

Shale,  drab 4  0 

Sandstone  and  shale,  not  continuously  ex- 
posed      78  0 

Covered 20  0 

Sandstone,  shaly  at  base,  massive  at  top 22  0 

Sandstone,  conglomeratic,  containing  sili- 
ceous pebbles  up  to  one-half  inch  in  diame- 
ter  : 18  0 

Unconformity.  

300  4 


Vermejo  formation: 

Shale,  drab,  not  continuously  exposed 20  0 

Coal 3  6 

Shale,  drab 3  0 

Coal 5 

Shale,  drab 5  0 

Sandstone,   white,   massive,  coarse  grained, 

friable 17  0 

Shale,  brown,  carbonaceous 2  0 

Sandstone,  shaly 1  0 

Shale,  brown,  carbonaceous 3  0 


Trinidad  sandstone: 


54    11 


Sandstone     containing    Ualymenites     major 

Lesquereux 50      0 

Shale,  sandy 3      0 

Sandstone     containing:    Ualymenites     major 
Lestiuereux 55      0 


108      0 


Pierre  shale: 

Transitional  zone 20  0 

Shale,  fos3iliferoua.  = 

483  :i 

The  Pierre  shale  is  characteristically  ex- 
posed and  contains  fossiliferous  limestone  con- 
cretions 100  to  200  feet  below  the  top.  Fiom 
one  of  these  concretions  Anomm  sp.,  Aniso- 
myonf  sp.,  Inoceram/as  sa^ensis  Owen,  and 
Placenticerds  sp.  were  obtained  (U.  S.  Geol. 
Survey  fossil  locaQty  6562) .  The  Trinidad  here 
consists  of  two  sandstones  separated  by  3  feet 
of  sandy  shale  (see  locality  16);  both  contain 
the  characteristic  fucoids. 

The  Vermejo  formation  is  thinner  here  than 
it  is  at  locality  16,  and  the  6-inch  bed  of  coal 
near  the  top  of  that  section  is  not  represented. 
The  horizon  of  the  lowest  coal  is  marked  by 
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the  presence  of  carbonaceous  shale,  and  a  thick 
bed  of  coal  occurs  near  the  middle  of  the  for- 
mation. 

The  lowest  stratum  of  the  Raton  formation 
consists  of  a  conglomeratic  sandstone  that  rests 
with  uneven  base  on  the  shale  of  the  Vermejo. 
The  rocks  above  this  basal  conglomerate  con- 
sist of  shale  and  soft  shaly  sandstone,  which 
contain  a  bed  of  coal  at  about  the  same  horizon 
as  the  one  at  locaUty  10.  (See  p.  72.)  Also, 
coal  occurs  at  about  the  same  horizon  in  several 
of  the  sections  measured  north  of  this  locality. 
The  edge  of  the  mesa  is  formed  here  by  a  mas- 
sive sandstone  140  feet  thick — one  of  the  group 
of  sandstones  that  form  conspicuous  cUffs  all 
along  the  eastern  margin  of  the  Raton  coal 
field  from  Cimarron  to  Raton. 

The  Vermejo  beds  were  traced  north  of 
locality  17,  but  for  about  3  miles  no  good  expo- 
sure of  them  was  found.  Near  the  point  where 
the  tine  of  outcrop  of  the  lowest  coal  bed  crosses 
Hackberry  Canyon  a  bed  of  coal,  reported  to 
be  5  feet  thick,  with  a  slaty  band  near  the 
middle,  has  been  opened.  The  base  of  the 
Vermejo  formation  is  somewhat  in  doubt  at 
this  point,  but  it  is  probable  that  this  coal  bed 
corresponds  to  that  occurring  about  the 
middle  of  the  Vermejo  at  locality  17. 

LOCALITT  It. 

In  the  north  wall  of  Van  Bremmer  Canyon 
at  locality  18,  about  2  miles  north  of  locahty  17, 
the  rocks  from  the  upper  part  of  the  Pierre 
shale  to  a  point  above  the  base  of  the  Raton 
formation  are  well  exposed.  The  zone  of  lime- 
stone concretions  that  usually  occurs  in  tliis 
field  in  the  upper  part  of  the  Pierre  is  hero 
about  100  feet  below  the  top  of  this  shtile,  and 
the  concretions  contain  an  unusually  large 
number  of  ammonites,  with  which  are  asso- 
ciated Faaciolaria  sp.  (U.  S.  Geol.  Survey  fossil 
locality  6564).  It  was  not  possible,  at  the 
time  of  investigation,  to  make  a  full  collection 
of  these  fossils  at  this  locality. 

The  Trinidad,  which  is  exposed  as  a  pre- 
cipitous cliff  at  locality  18,  consists  of  two 
sandstones  separated  by  shale,  as  described  in 
several  of  the  preceding  sections.  The  lower 
sandstone  is  here  only  35  feet  thick,  as  com- 
pared with  75  to  100  feet  farther  south.  The 
shale  separating  the  two  is  thicker  than  it  is 
in  the  sections  previously  described   but  has 

47019*— 17 6   . 


the  same  yeUowish-brown  mottled  aspect  t 
was  noted  in  all  of  these  sections.  It 
worthy  of  note  that  as  the  lower  sandst 
thins  toward  the  north  the  upper  one  thick 
and  is  here  75  feet  thick.  The  fossil  fuc< 
characteristic  of  the  Trinidad  occur  in  b 
parts;  and  several  shells  of  Inoceramus  sage. 
Owen  were  found  near  the  top  of  the  up 
one  (U.  S.  Geol.  Survey  fossil  locality  65' 
TeUinaf  sp.,  Mactra  warrenunn  Meek 
Hayden  ?,  and  scales  and  vertebrae  of  fis 
were  found  (U.  S.  Geol.  Survey  fossil  loca 
6563)  in  blocks  of  sandstone,  which  obvioi 
came  from  the  Trinidad.  Three  beds  of  i 
were  found  in  the  Vermejo  formation  at 
locality.  The  lowest  occurs  at  the  horizoi 
the  carbonaceous  shale  found  at  the  base  of 
Vermejo  in  section  17,  and  the  two  higher 
apparently  to  be  correlated  with  those  of  seel 
17.  The  basal  conglomerate  of  the  Raton 
mation  rests  imconformably  on  the  higher  b< 
which  thins  out  75  feet  east  of  the  point  wt 
the  section  was  measured  but  comes  in  ag 
farther  east.  About  175  feet  from  the  pc 
where  the  section  was  measured  this  coal 
feet  8  inches  thick.  This  irregularity  in  oa 
rence  and  thickness  was  obviously  caused 
the  erosion  of  a  relatively  thick  bed  of  i 
previous  to  the  deposition  of  the  conglomer 
sandstone.     The  section  follows: 

Section  of  rocks  measured  at  locality  18^  in  the  north  uk 
Van  Bremmer  Canyon y  N.  Mex. 

( For  graphic  section  see  1*1.  V,  p.  56.) 

Katon  formation: 

Sandstone,  yellow,  massive,  fine  graine<l. ...     30 

Shale,  drab 5 

Sandstone,  yellowish  white,  coarse  grained, 

friable,  massive 16 

Shale,  with  thin-bedded  shaly  sandstone IS 

Sandstone,   white  to  yellow,   massive,   fine 

grained 3 

Shale,  yellow  to  drab fl 

Shale,  black,  carbonaceous,  with  thin  seams 

of  coal a 

Shale,  yellow,  sandy 12 

Sandstone,*  white,  massive,  coarse,  quartzose 

in  some  places;  locally  conglomeratic 16 


Ft 


112 


Unconfonnity. 

Vermejo  formation: 

Coal.  About  75  feet  to  east  the  overly- 
ing sandstone  cuts  out  the  coal  and 
rests  unconformably  on  the  shale;  lOD 
feet  farther  east  this  coal  bed  is  32 
inches  thick ] 
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Vermejo  formation — Continued.  Ft.  in. 

Shale,  diab  to  black 6  0 

Coal 2 

Shale,  drab,  not  continuously  exposed 17  0 

Coal 1  6 

Shale,  drab  to  black 2  0 


28      1 


Trinidad  sandstone:  === 

Sandstone,     containing    IlalymeniUs    major 
Lesquercux  and    MaCtra  warrenmia  Meek 

and  Hayden?  in  topmost  layer 75      0 

Shale,  yellow  to  brown,  sandy 0      0 

Sandstone,    yellowish   white,    fine   grained, 
thin  bedded;  contains  JIalymcnites  major 

Lesquereux 2      0 

Shale,  brown,  sandy 9      0 

Sandstone,     (*ontaining    IlalymeniUs    major 
I-esquereux 35      0 


Pierre  shale: 

Transitional  zone. 
Shale,  foflsiliferous. 


127      0 


269      1 


LOOALXTT  It. 


The  next  section  in  order  along  the  outcrop  was 
measured  on  the  north  slope  of  the  point  of  the 
mesanorth  of  Van  Bremmer Creek  at  locality  19, 
about  a  mile  east  of  locality  18,  The  top  of  the 
Pierre  shale  is  exposed  at  the  foot  of  the  slope, 
but  no  details  of  it  were  obtained.  The  Trini- 
dad consists  of  two  sandstones,  as  described  in 
several  sections  farther  south,  but  at  this 
locality  the  lower  is  only  12  feet  thick  as  com- 
pared with  35  feet  a  mile  farther  west.  The 
shale  separating  the  two  is  22  feet  thick,  as 
compared  with  17  feet  a  mile  to  the  west  and 
with  only  3  feet  2 J  miles  to  the  southwest 
(locality  17).  However,  the  lower  sandstone 
is  identical  in  character  and  appearance  with 
the  typical  Trinidad  of  other  localities.  The 
shale  hot  ween  the  two  sandstones  has  .the 
yellowish-brown  appearance  already  described. 
The  upper  sandstone  is  92  feet  thick  and  is  the 
typical  Trinidad  sandstone  that  forms  the 
escarpment  farther  north.  The  section  fol- 
lows : 

Section  of  rocks  mrasunflat  locality  19,  north  of  Van  Bremmer 

Canyon,  X.  Mr.r. 


Ft.     in. 


[For  graphic  so '-'lion  see  I'l.  V.  \k  56.] 

Raton  formation : 

Sandstone,    massivo.    course    p:rained,    liard, 

quartzoee 10-|- 

Probable  unconformity.  == 

Vermejo  formation: 

Shale,  not  continuously  exposed 55 

Coal 3 


Vermejo  formation — Continued. 

Shale,  black 

Sandstone 

Shale,  drab  to  yellow 

Sandstone,  yellowish  white, 

ular 

Shale,  brown  to  drab 

Coal 

Shale,  brown  to  black 


massive,  gran- 


n. 

In. 

2 

0 

3 

0 

9 

0 

14 

0 

5 

0 

1 

4 

1 

6 

Trinidad  sandstone: 


93    10 


Sandstone,  containing  Ilalym^nites  major 
Lesquereux 02      0 

Shale,  brown  to  yellow,  with  thin  partings  of 
sandstone 22      0 

Sandstone,  containing  Ualymenites  major 
Lesquereux 12      0 


Pierre  shale: 

Transtitional  zone. 
Sliale. 


126      0 


229 -f- 


0 
0 


The  Vermejo  formation,  which  is  only  28 
feet  thick  at  locality  18,  a  mile  to  the  west,  is 
here  about  93  feet  thick.  The  rocks  consist 
principally  of  shale.  Two  coal  beds  were  found 
at  horizons  which  indicate  that  they  are  tJie 
same  as  the  beds  at  locality  18.  The  upper 
part  of  the  formation,  55  feet  thick,  is  not  well 
exposed. 

The  Raton  formation,  only  the  base  of  which 
was  examined,  consists  of  hard,  coarse-grained 
quartzose  sandstone  that  is  Uthologically  iden- 
tical with  the  conglomeratic  sandstone 
described  in  many  other  places  in  the  region, 
except  that  no  pebbles  were  found  in  it. 

DAWSON  ABEA. 

Dawson  is  a  mining  town  in  Vermejo  Canyon. 
The  coal  measures  of  tlie  area  near  it  are 
deeply  dissected  and  iiiv  rocks  are  well  exposed 
in  many  places.  The  coal  beds  have  been 
opened  in  mines  and  prospects,  and  much 
exact  information  was  obtained  from  the 
records  of  the  Dawson  Fuel  Co. 

DAW80N. 

LOCAUTY  20. 

Thr(»e  miles  south  of  Dawson  and  about  1} 
miles  north  of  locahty  19,  a  short  section  in- 
cluding the  Trinidad  sandstone  wai>  measuTv^d 
at  lociJity  20.  The  lower  sandstone  of  the 
Trinidad,  as  described  farther  south,  practically 
thins  out  at  this  locality,  being  probably  repre- 
sented by  the  4-foot  sandstone  of  the  section 
and   not   being   certainly   recognized   farther 
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north.  Hie  shale  between  it  and  the  higher 
sandstone  has  the  general  appearance  of  that 
described  farther  south  as  separating  the  two 
parts  of  the  Trinidad,  but  at  this  locaUty  it 
takes  on  the  character  of  the  transitional  rocks 
near  the  top  of  the  Pierre  shale.  The  lower 
bed  of  coal  in  the  Vermejo  formation  was  found 
at  this  locality,  but  the  higher  beds  were  not 
seen,  owing  to  a  covering  of  brush  and  boulders 
from  tJie  overljdng  conglomeratic  sandstone. 
The  section  follows: 

Section  of  rocks  measured  at  local  it  if  20  ^  abotU  3  miles  south 

of  Dawson^  N.  Mex. 

(For  graphic  section  see  1*1.  V,  p.  56.] 

Vermejo  fonnation: 

Coal,  dirty 1      6 

Shale,  sandy 3      0 

Trinidad  sandstone: 

Sandstone,  massive,  without  partings  of  any 
kind;  contains  Halymenites  vuijor  Lesque-. 

reux 80      0 

Shale,  yellow,  sandy,  with  layers  of  sand- 
stone  V 20      0 

Sandstone 4      0 

Pierre  shale: 

Transtitional  zone. 

Shale.  


Ft.     in: 


LOCAUTY  21. 


108      6 


In  Lacy  Canyon,  south  of  Dawson,  an  attempt 
was  made  to  examine  the  coal-bearing  rocks 
at  locality  21,  about  1 J  miles  north  of  locality. 
20;  but  although  some  of  the  rocks  are  well 
exposed  the  Vermejo  beds  are  badly  covered 
with  surface  debris.  The  lower  part  of  the 
Trinidad  described  at  several  locaUties  farther 
south' is  not  recognizable  here.  The  thin  sand- 
stones and  shale  at  the  base  of  th(»  Trinidad 
are  yellowish  brown  and  evidently  Represent 
the  shale  that  separates  the  two  parts  of  this 
formation  farther  south.     The  section  follows: 

Section  of  rocks  measured  at  locality  Sly'nhout  1\  miles  south 

of  Dairson,  N,  Mex. 

[For  graphic  section  see  Ti.  V,  p.  66.J 

Raton  formation: 

Sandstone,  yellow,  massive 120  0  i 

Covered ',\h  0 

Coal 2  \ 

Shale,  sandy,  not  continuously  oxposKHl 17  0 

Sandstone,  with  partings  of  shale 107  0 

Sandstone,  yellow,  shaly U  0 

Sandstone,  coarae  grained ,  massive,  (]  uart /.cM^e  12  0 

304      4 
Probable  unconformity.  — 

Vermejo  formation: 

Shale,  yellow,  sandy,  not  continuously  ex- 
posed      35      0 


Ft.     in. 


Vermejo  formation — Continued. 

Sandstone,  white,  massive,  granular. 
Covered 


Trinidad  sandstone: 

Sandstone,  containing  IJalymenites  major  Les- 
que])eux.  The  lower  20  feet  is  yellower 
tlian  the  rest,  but  there  is  no  line  of  sepa- 
ration  

Pierre  shale: 

Transitional  zone. 

Shale.  = 

4 

The  Vermejo  formation  at  locaUty  21  is  i 
80  feet  thick,  but  few  details  of  it  could  b 
tained.  Coal  *' blossom"  was  foimd  nea 
base  of  the  formation,  but  no  measureme 
the  coal  bed  could  be  made.  However,  a 
bed  supposed  to  bo  the  lowest  was  opened 
this  locality  several  years  ago,  and  is  sho\^ 
the  records  in  possession  of  the  Dawson 
Co.  to  vary  in  thickness  from  3  to  6  feet. 

A  35-foot  sandstone  above  tliis  lower  coe 
resembles  very  closely  the  sandstone  foui 
the  lower  part  of  the  Vermejo  formatic 
Ponil  and  Cimarron  canyons,  where  it  wo 
scribed  as  probably  equivalent  to  the  i 
part  of  the  Trinidad  sandstone.  It  is  mai 
white,  and  granular,  and  it  weathers  rcj 
Sandstone  of  similar  character  was  not< 
many  places  throughout  the  Raton  Mes 
gion,  and  in  this  region  occurs  only  in  the 
mejo  formation.  A  coal  bed  probably  < 
above  this  sandstone  in  the  Vermejo  form 
corresponding  in  position  with  the  prir 
coal  of  the  locuUties  on  either  side  (PL  V) 
it  was  not  found. 

The  top  of  the  Vermejo  formation  is  n 
easily  determined  at  this  locaUty  as  it  wa 
ther  south.  A  12-foot  sandstone  abov< 
undoubted  Vermejo  beds  is  similar  in  son 
spects  to  the  conglomeratic  sandstone 
usually  occurs  at  the  base  of  the  Raton  fc 
tion,  but  no  pebbles  were  found  in  it,  noj 
any  conglomeratic  sandstone  observed 
higher  horizon.  The  rocks  above  this  j 
stone  have  the  yellowish  color  characteris 
the  Raton  formation.  A  coal  bed  of  cons 
able  thickness,  lying  147  feet  above  the 
posed  base  of  the  Raton,  corresponds  in  n 
eral  way  to  coal  beds  at  locahties  10  and 
the  south  and  25  to  the  north;  but  all  ar 
Uttle  known  to  permit  exact  correlations. 

Above  this  upper  bed  of  coid  the  rocks 
sist  mainly  of  the  hard  massive  sandstone 
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forms  more  or  less  conspicuous  cliffs  throughout 
the  Raton  Mesa  region. 

LOCAUTY  22. 

In  the  west  wall  of  Vermejo  Canyon,  about  a 
mile  northwest  of  Dawson  and  about  2  miles 
north  of  locahty  21,  the  rocks  were  examined 
and  a  section  of  the  Vermejo  formation  meas- 
ured Oocality  22).  The  upper  70  feet  of  the 
Trinidad  sandstone  is  exposed  beneath  150  feet 
or  more  of  the  Vermejo  formation  overlain  by  a 
conglomeratic  sandstone.  The  higher  rocks  are 
not  weQ  exposed.     The  section  follows: 

Section  of  rocks  ineaswrcd  at  locality  22 j  in  the  south  wall 

of  Vermejo  Canyon ^  about  1  milt  northwest  of  Dawson, 

N.  Mejc. 

{For  graphic  section  see  V\.  V,  p.  56.] 

Raton  formation:  Ft.    in. 
Sandstone,  coarse  grained,  quartzoee,  locally 

conglomeratic lO-f 

Unconformity.  === 

Vermejo  formation: 

Shale,  with  thin  beds  of  coal  not  continu- 
ously exposed 38  0 

Sandstone,  yellow,  massive 12  0 

Shale,  drab 5  0 

Coal 1  0 

Shale,  drab  to  black 2  0 

Sandstone,  yellowish  white,  massive,  friable.  6  0 

Coal 1  0 

Shale 4  0 

Sandstone,  wliite,  massive,  friable 23  '  0 

Shale,  black 5 

Coal 2  4 

Shale 4  0 

Coal.. 1  0 

Shale,  black,  carbonaceous 2  0 


Trinidad  sandstone: 

Sandstone,  containing  Halymenites  major 
Lesquereux 
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70-f- 


181+ 

The  lowest  bed  of  coal  in  the  Vermejo,  which 
is  3  to  6  feet  thick  farther  south  is  probably 
represented  here  by  the  two  thin  beds  of 
coal  separated  by  4  feet  of  shale.  The  thick- 
nesses given  in  the  section  are  from  surface 
measurements,  and  probably  show  less  coal 
than  really  exists.  In  an  old  opening  on  this 
bed,  a  few  hundred  feet  farther  south,  the  coal 
is  6  feet  thick.  Sheridan  '*'  states  that  in  the 
developed  area  of  the  Dawson  mines  this  coal 
bed  ranges  in  thickness  from  6  to  1 1  feet. 

The  white  friable  sandstone  described  from 
locality  21  occurs  in  this  section  above  the  low- 
est bed  of  coal  and  is  a  little  thinner  than  it  is 


at  that  locality.  Above  it  lie  two  coal  beds, 
which  are  apparently  thinner  at  the  surface, 
where  the  measurements  were  made  than  they 
are  back  from  the  outcrop.  One  of  them  was 
found  to  be  3  feet  thick  a  few  hundred  feet  far- 
ther south.  They  are  probably  to  be  corre- 
latt»d  with  those  holding  a  similar  position  far- 
ther south  and  also  with  those  at  localities  23 
to  25.     (See  p.  86.) 

The  upper  part  of  the  Vermejo  formation  is 
not  so  well  exposed  as  the  lower  part.  Some  in- 
dications of  coal  but  no  thick  beds  were  found. 
This  seems  somewhat  singular  when  the  section 
is  compared  with  that  at  locahty  25,  less  than  a 
mile  to  the  east,  where  a  4-foot  bed  of  coal  oc- 
curs near  the  top  of  the  Vermejo  formation. 
On  the  one  hand,  it  is  possible  that  this  bed  is 
represented  by  a  thin  seam  of  coal  not  here  re- 
corded; and,  on  the  other  hand,  it  is  possible 
that  this  bed  was  eroded  away  previous  to  the 
deposition  of  the  conglomeratic  sandstone  at 
the  base  of  the  Raton  formation. 

The  basal  sandstone  of  the  Raton  is  well 
developed.  At  locahties  20  and  21  no  pebbles 
were  foimd  in  this  sandstone,  but  here  siliceous 
pebbles  up  to  one-fourth  inch  in  diameter  were 
found  in  small  pockets  near  the  base.  The 
sandstone  is  massive,  coarse  grained,  quartzose, 
and  Ues  with  uneven  base  on  the  shale  of  the 
Vermejo  formation.  It  is  only  10  feet  thick 
where  the  section  was  measured,  but  it  reaches 
40  feet  a  little  farther  south.  Its  under  sur- 
face is  covered  in  some  places  with  peculiar 
markings  resembling  worm  borings,  and  these 
same  markings  were  found  on  the  under  side 
of  the  basal  conglomerate  at  Koehler,  Van 
Houten,  -and  other  places  where  the  conglom- 
erate rests  on  beds  of  coal. 

LOCAUTY  23. 

Another  section  of  the  Vermejo  formation 
was  measured  in  the  west  wall  of  Vermejo 
Canyon  at  the  mouth  of  a  small  gulch  known 
as  Cook  Canyon,  one-half  mile  north  of  locaUty 
22.  The  top  of  the  Trinidad  sandstone  is 
exposed,  and  the  overlying  coal  beds  have  been 
opened.  The  measurements  given  in  the  fol- 
lowing section  were  made  in  the  prospect 
openings.  Coal  is  mined  near  this  locality  on 
both  sides  of  the  canyon.  The  upper  part  of 
the  Vermejo  formation  is  not  so  well  exposed 
as  the  lower  part,  and,  although  a  thin  bed  of 
coal  was  observed  in  it,  there  is  little  chance 
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that  it  includes  a  thick  bed  such  as  was  found 
at  locality  25.  (See  p.  86.).  The  basal  sand- 
stone of  the  Raton  formation  is  well  repre- 
sented and  has  the  same  character  as  the  con- 
glomerate at  locality  22.     The  section  follows: 

Section  of  rocks  mcdsurcd  at  locality  23,  about  t  miles  north- 
west o/Dawsmif  N.  Mex. 

[Fw  graphic  section  see  VI.  V,  p.  56.J 

Ft.     in. 
Raton  formation: 

Sandstone,  maasive,  quartzoee;  locally  con- 
glomeratic   12  0 

Unconformity.  === 

Vermejo  formation: 

Shale  and  sandstone,  not  continuously  ex- 
posed; 2  inches  of  coal  niear  the  top 37  0 

Shale,  with  thin  layers  of  sandstone 15  0 

'Sandstone,  white,  granular 23  0 

Shale G 

Coal 2  0 

Shale 7  0 

Coal 1  8 

Shale,  with  thin  beds  of  sandstone 14  0 

Coal 2  4 

Shale 2  0 

Coal 2  0 

Shale / 4  0 

Trinidad  sandstone.  

110      6 

122      6 

For  a  considerable  distance  above  the  basal 
conglomerate  the  rocks  are  principally  shale, 
above  which  lie  massive  cliff-making  sand- 
stones. These  contain  fossil  plants,  but  few  of 
them  were  collected  near  Dawson.  Near  the 
mouth  of  Stout  Canyon  blocks  of  conglomeratic 
sandstone,  well  up  in  the  sides  of  the  canyon, 
may  have  been  carried  there  by  streams  before 
the  canyons  were  as  deep  as  they  are  now,  but 
it  seems  more  probable  that  they  were  derived 
from  some  bed  in  the  cliff-making  sandstones 
at  a  horizon  corresponding  to  one  of  the  upper 
conglomerates  of  the  Cimarron  Canyon  region, 
about  15  miles  to  the  southwest. 

LOCAUTY  28a. 

A  diamond-drill  hole,  bored  several  years 
ago  in  Vermejo  Canyon  at  locality  23a,  near 
the  mouth  of  Stout  Cr(»ek,  passed  through  a 
considerable  thickness  of  the  Raton  formation, 
including  the  basal  conglomerate,  and  pene- 
trated well  into,  if  not  entirely  through,  the 
Vermejo  formation.  A  gray  sandstone  at  the 
bottom  of  the  hole  is  supposed  to  be  the 
Trinidad  sandstone,  and  the  coal  near  the  bot- 
tom to  be  the  main  bed  at  the  btuse  of  the  Ver- 
mejo.     (See  PL  XVII,  p.  142.)     However,  this 


lowest  sandstone  may  be  the  sandstone  ) 
the  lowest  coal,  which  at  locality  21  is  3 
thick  and  at  locaUty  22  is  23  feet  thick, 
so  nearly  like  the  Trinidad  sandstone  thi 
difference  could  scarcely  be  detected  in  i 
core.  If  the  sandstone  is  the  one  abov 
lowest  coal  the  Vermejo  formation  ^ 
appear  to  tliicken  toward  the  northwest 
should  do  in  view  of  the  fact  that,  a 
mouth  of  Salyers  Creek,  about  5  mile 
stream  from  Stout  Canyon,  the  formati 
about  200  feet  thick  (section  122,  PI.  X 
The  rocks  penetrated  by  the  drill  are  as  fo 

Record  of  a  diamond-drill  boring  at  locality  2Sa  in  ^ 
Canyon,  about  4  miles  northwest  of  Dawson,  N.  i 

[For  graphic  section  see  PI.  XVII,  p.  56.] 

Raton  formation: 

Surface  d^bria ^ 

Shale 

Shale,  sandy,  and  iron«tone 

Sandstone,  white 

Shale,  gray 

Shale,  sandy 

Sandstone 

Ironstone 

Sandstone 

Ironstone , 

Sandstone,  gray,  with  hard  ironntono  concre- 
tions  

Ironstone •. 

Shale,  gTay»  soft 

Sandstone,  gray 

Ironstone,  green 

Shale,  drab,  sandy 

Sandstone,  gray,  dark  pebblw  in  the  central 
part. 

Ironstone 

Sandstone,  hard,  containing  black  pebbles  . . 

Ironstone 

Sandstone,  drab,  shaly 

Sand«<tone,  gray,  coarse  grained,  ^dth  streaks 
of  black  ironstone  and  gray  shale;  contains 
pebbles  and  particles  of  coal  near  the  base. 

1 
Vermejo  formation:  = 

Sandstone,  gray,  fine  grained 

Shale,  drab,  black  al  base 

Coal : 

Shale,  drab 

Shale  with  ironstone."* 

Sandstone,  gray 

Coal 

Shale 

Coal,  bony  in  some  places 

Shale,  sandy,  with  ironstone  concretions 

Sandstone,  gray 
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Sabalf  ungeri  (Lesqiiereux)  Kjiowlton,  Cifir- 
namofnum  linifolium  Knowlton,  and  Dryophyl- 
turn  moorii  (Lesquereux)  Berry  were  found 
at  locality  23a  near  the  base  of  the  Raton 
formation  (U.  S.  Geol.  Survey  fossil  locality 
5827). 

LOCAUTIES  24  AND  U. 

In  the  north  wall  of  Vermejo  Canyon,  oppo- 
site locality  22,  a  section  was  measured  from 
the  river  to  the  top  of  the  mesa  at  locality  24. 
However,  the  Vermejo  formation  is  better 
exposed  about  one-fourth  mile  farther  down 
stream,  at  locality  25,  where  the  details  of  this 
formation  presented  in  the  following  section 
were  obtained: 

Section  of  rocks  measured  at  localities  i4  o^^  ^5,  in  the  north 
wall  of  Vermejo  Canyon ^  about  1  mile  north- 
west of  Dawson,  N.   Mex. 

[For  graphic  section  see  Pis.  V,  p.  56,  and  X,  p.  108.] 

Katon  formation:  Ft.    in. 

Sandstone,  coarse,  massive,  cliff  making 125  0 

Sandstone,  shaly 20  0 

Sandstone,  massive 35  0 

Shale,  black,  with  thin  seams  of  coal 6  0 

Shale  and  shaly  sandstone 16  0 

Sandstone,  massive,  cliff  makin'g 10  0 

Shale,  with  thin  seams  of  coal GO  0 

Coal . , 2  3 

Shale 1  2 

Coal 1  5 

Shale,  carbonaceous  in  some  places;  and  with 

thin  beds  of  impure  st^ndstone 75  0 

Sandstone,  massive,  cross-bedded 8  0 

Shale,  with  sandstone  nodules 8  0 

Sandstone,  irregular,  mainly  soft,  friable,  sur- 
face weathers  cavernous: 18  0 

Sandstone,  conglomeratic 5-h 

390-1- 
Unconformity.  ===== 

Vermejo  formation: 

Shale,  buff-colored 5  0 

Coal 4  0 

Sandstone,  white,  friable,  with  thin  beds  of 

shale 17  0 

Shale,  black,  carlxmaceoui? J  0 

Shale,  buff-colored 14  0 

Sandstone,  whito,  friable 5  0 

Sandstone  and  shale,  buff-colored 12  0 

Shale,  buff-colored 5  0 

Coal 1  8 

Shale  and  sandstone 10  0 

Sandstone,  white,  granular 8  0 

Coal 0  0 

Shale,  buff-colored 3  0 

Trinidad  sandstone.  
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Only  the  top  of  the  Trinidad  sandstone  is 
exposed  at  the  base  of  the  section.  The 
principal  coal  bed  lies  a  few  feet  above  the 
Trinidad  and  is  5  feet  thick  at  locality  25  and 
6  feet  thick  at  locality  24.  Sheridan  '^^  states 
that  this  bed,  where  developed  in  the  Dawson 
mines,  ranges  in  thickness  from  6  to  11  feet. 
At  locaUty  24  several  species  of  fossil  plants 
occur  about  25  feet  above  the  base  of  the  Ver- 
mejo (U.  S.  Geol.  Survey  fossil  locality  5153). 
They  are  poorly  preserved,  and  only  Sequoia 
obovata  Knowlton  was  definitely  identified. 

The  upper  70  feet  of  the  Vermejo  at  locality 
24  appears  at  the  sxu^ace  to  consist  principally 
of  shale  with  thin  beds  of  coal  near  the  top. 
At  locality  25  considerable  sandstone  was 
foimd  with  the  shale,  and  a  4-foot  bed  of  coal 
occurs  near  the  top. 

The  layer  of  sandstone,  which  at  locality  24 
is  probably  the  base  of  the  Raton  formation, 
is  only  2  feet  thick  but  is  hard,  coarse  gained, 
and  quartzose.  At  locaUty  25  this  sandstone 
is  5  feet  or  more  in  thickness  and,  in  addition 
to  being  coarse  grained  and  quartzose,  con- 
tains small  pebbles  of  quartz  and  larger  pebbles 
up  to  half  an  inch  or  more  in  diameter  of  rela- 
tively soft  sandstone  such  as  is  found  in  the 
underlying  rocks  of  the  Vermejo. 

The  Raton  formation  consists  principally  of 
shale  for  about  175  feet  above  the  basal  con- 
glomerate, and  a  coal  bed  of  considerable 
thickness  occurs  about  midway  of  this  shaly 
portion.  Still  higher  the  rocks  are  principally 
hard,  massive,  clifF-making  sandstone  that' 
forms  a  steep  escarpment. 

No  measurements  were  made  at  the  surface 
in  Rail  Canyon,  north  of  Dawson,  but  the 
record  of  an  air  shaft  201  feet  deep,  sunk  to 
mine  No.  2  of  tlie  Dawson  Fuel  Co.  about  2i 
miles  north  of  the  town,  was  obtained. 

Section  of  rocks  penetrated  by  an  air  shaft  for  Dawson  mifu 
No.  2  in  Rail  Canifon  near  Dawson,  A.  Mex. 

Raton  formation:  pt.  hi 

Surface  debris 9  0 

Sandstone,  gray  to  yellow 14  6 

Shale,  black 9  7 

Sandstone,  white 3  4 

Shale,  gray 19  3 

Sandstone,  yellow 13  g 

Shale,  black,  with  ironstone 14  10 

Sandstone,  white,  hard 21  3 
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Veimejo  formation  (?):  Ft.  in. 

SluJe,  gray 4  0 

Sandstone,  red 6  5 

Shale,  gray,  sandy 19  1 

Sandstone,  gray,  hard 11  0 

Shale,  gray,  sandy 5  7 

Sandstone,  light-colored 33  C 

Bone 1  6 

Shale,  gray 7  6 

Bone 1  0 

Coal ()  0 

95      7 

201      0 

The  coal  at  the  bottom  of  the  shaft  is  obvi- 
ously the  lower  bed  of  the  Vennejo,  for  it  is 
the  coal  developed  in  the  Dawson  mine.  The 
higher  or  4-foot  bed  of  coal  of  locaUty  25  was 
act  fomid.  Nothing  in  the  record  indicates 
where  the  top  of  the  Vermcjo  occurs,  but  a 
comparison  of  the  section  with  that  measured 
at  localitv  25  indicates  that  the  line  between 
the  Vermejo  and  the  Raton  formations  may 
perhaps  be  drawn  at  the  base  of  the  hard  white 
sandstone  21  feet  3  inches  thick  about  95  feet 
above  the  bottom  of  the  shaft. 

LOCALTTT  26. 

A  section  was  measured  at  locality  26,  south- 
east of  Dawson,  about  2  miles  from  locaUty  25. 
This  point  of  the  mesa  is  very  precipitous. 
The  Pierre  shale  occupies  the  lower  200  to  300 
feet  of  the  slope  and  the  Trinidad  sandstone 
forms  a  conspicuous  white  cliff.  Above  this 
cliff  the  relatively  soft  rocks  of  the  Vermejo 
formation  form  a  slope  that  is  more  or  less 
covered  with  surface  debris,  and  above  these 
the  hard  basal  sandstone  of  tlio  Raton  forma- 
tion forms  a  second  cliff  less  prominent  than 
the  Trinidad.  The  following  section  was 
measured : 

Section  of  rocks  measured  at  locality  26 y  about  2  miles  east  of 

Dawsojij  N.  Mex. 

[  For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Ft.     in. 
Sandstone,    maasive,    friable    at    the    bane; 

coarae  grained  and  quartzoee  near  the  top . .  20  0 
Unconformity.  ===== 
Vermejo  formation : 

Coal 9 

Shale,  drab  to  yellow,  with  partings  of  shaly, 

yellow  sandstone 57      0 

Coal 1      6 

Shale,  drab 7      0 

Coal 10 

Shale,  black 1      0 

Sandstone,  white,  granular,  friable 11      0 

Coal 2      6 


Vermejo  formation — Continued. 

Shale 

Coal 

Shale,  drab  to  black 

Trinidad  sandstone 1 

Pierre  shale: 

Transitional  zone. 

Shale.  = 


The  main  c^al  bed  at  the  base  of  the  Ve 
is  thinner  at  this  locality  than  was  antici] 
in  view  of  the  fact  that  a  prospect  openi 
the  west  slope  of  this  point  showed  5  : 
inches  of  coal  and  another  in  the  east  si 
feet  2  inches.  The  basal  sandstone  c 
Raton  formation  is  hard,  quartzose,  and  • 
wise  similar  to  other  occurrences  of  the  f 
tion,  but  no  pebWes  were  found  in  it  a 
locality.  However,  it  is  the  same  sane 
that  is  conglomeratic  at  localities  22  ar 
for,  although  it  is  not  everywhere  congl 
atic,  it  is  readily  traced  along  tlie  outcro 
there  is  little  chance  of  mistaking  its  idc 
The  higher  rocks  were  not  examined. 

SALTPETER  CREEK. 

In  no  place  in  the  Raton  Mesi\  region 
Trinidad  sandstone  more  c()nsi)icuous  tl 
is  in  Spring  and  Saltpeter  canyons.  In 
peter  Canyon,  on  the  east  side  of  tlie 
separating  it  from  Spring  Canyon  the 
cUff  above  the  conspicuous  white  Trinida 
(see  PI.  Ill,  p.  38)  is  apparently  formed  1 
basal  sandstone  of  the  Raton  formation  (i 
a  similar  cliff  at  locality  26).  The  rocks, 
ever,  were  not  examined  in  detail. 

SALTPETER   MOUNTAIN. 

LOCALITY  27. 

Saltpeter  Mountain  is  an  outlier  sepi 
from  tlie  main  body  of  the  mesa  by  Sal 
Canyon  and  by  a  gap  north  of  the  mo\ 
connecting  Saltpeter  Canyon  with  the 
to  the  east.  Section  27  was  measured  < 
east  slope  about  3  miles  southeast  of  k 
26.     The  section  follows: 

Section  of  rocks  measured  at  locality  27,  in  the  east 

Saltpeter  Mountain. 

I  For  graphic  sect  ion  see  T»l.  V,  p.  M.) 

Raton  formation: 

Sandstone,  coarse  grained,  cross-btnlded .  .  . . 
Unconformitv.  = 

Vermejo  formation: 

Coal 

Shale 
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Vermejo  formation — Continued.  Ft.    in. 

Sandstone,  coaree  grained,  white 8      0 

Coal 6 

Shale 8 

Coal 4 

Shale 10      0 

Coali  ehaly 8 

Shale 5      0 

34      8 

Trinidad  sandstone 100      0 

Pierre  shale: 

Transitional    zone    and    shale,    foesiliferous 
(5606) 400+ 

5544- 

About  400  feet  of  the  Pierre  shale  is  well 
exposed.  Fossiliferous  limestone  concretions, 
from  which  Inoceramus  sagensis  Owen  and 
Ph'CeTUicera^  sp.  were  collected  (U.  S.  Geol. 
Survey  fossil  locality  5606),  occur  100  feet  or 
more  from  the  top.  The  thickness  of  the 
Trinidad  sandstone  was  estimated  at  100  feet. 
No  thick  bed  of  coal  was  found  near  the  base 
of  the  Vermejo  at  the  horizon  where  the  main 
coal  of  the  Dawson  area  occurs.  This  bed 
seems  to  be  represented  here  by  one  of  the 
thin  beds  found  near  the  base  of  the  formation. 
The  thick  bed  of  coal  at  the  top  of  the  Vermejo 
is  apparently  to  be  correlated  with  one  of  the 
thin  beds  above  the  main  coal  of  the  Dawson 
area.     (See  sections  22  to  26,  PL  V,  p.  56.) 


LOOALITTIt. 

The  side  of  the  mesa  is  precipitous  at  local- 
ity 28,  near  the  point  of  the  mesa  south  of 
Turkey  Creek,  3  miles  northeast  of  locality  27. 
The  horizontally  bedded  rocks,  from  the  Pierre 
shale  to  thecUff-making  sandstones  of  the  Raton 
formation,  are  well  exposed.  No  detailed 
observations  were  made  on  the  Pierre  shale. 
The  base  of  the  Trinidad  sandstone  is  not  ex- 
posed, but  the  formation  is  more  than  80  feet 
thick  and  contains  the  characteristic  fossil 
fucoids. 

Two  species  of  invertebrates,  Inoceramus 
sagensis  Owen  and  Mactra  warrenana  Meek 
and  Ilayden  (U.  S.  Gcol.  Survey  fossil  locality 
6566)  were  found  in  blocks  of  sandstone  that 
apparently  came  from  the  upper  part  of  this 
sandstone.     The  section  follows: 


Section  of  rocks  measured  at  locality  28,  south  of  Turkey 

Creek  t  N.  Meji. 

[For  graphic  section  see  PI.  V,  p.  M.) 

Raton  formation:  I^t.    in. 

Sandstone,  cliff  making 100-f 

Shale 3      0 

Coal 1± 

Shale,  not  continuously  exposed 35      0 

Coal 2      0 

Sandstone  and  shale,  not  continuously  ex-. 

posed 40      0 

Sandstone,  yellow,  thin  bedded 7      0' 

Sandstone,  yellow,  massive 12      0 

Shale,  carbonaceous 3      0 

Sandstone,    yellow,    massive,    fine  grained, 
quartzose,    with   streaks   of    very    coarse 

sand 10      0 

213± 
Unconformity.  ==== 

Vermejo  formation : 

Shale,  not  continuously  exposed 21  0 

Coal 4  10 

Shale,  drab -. 9  0 

Sandstone,  white  massive,  coarse,  friable 18  0 

Sandstone,  white,  massive,  with  partings  of 

shale 19  0 

Shale,  drab 4  0 

Sandstone,  yellow,  hard 1  0 

Shale,  drab  to  black,  carbonaceous  at  top ...  4  0 

Sandstone,  brown,  hard,  massive 1  6 

Shale,  with  partings  of  sandstone 70 

Trinidad  sandstone:  89      4 

Sandstone,    containing    Halymenites    major 

Lesquereux  and  invertebrates 80+ 

Pierre  shale: 

Transitional  zone. 

Shale.  rM 

382 

The  Vermejo  formation  at  this  locality  con- 
tains one  thick  bed  of  coal,  which  is  probably 
to  be  correlated  with  the  coal  of  locality  27. 
Carbonaceous  shale  near  the  base  may  repre- 
sent the  lowest  coal  bed  of  the  Dawson  area, 
but  no  coal  was  found  in  it.  Thin  beds  of 
coal  were  found  at  this  horizon  at  localities  27 
•and  29,  and  the  apparent  absence  of  coal  here 
may  be  due  to  poor  exposures. 

The  base  of  the  Raton  formation  is  not  con- 
glomerate at  locality  28.  The  sandstone  which 
probably  constitutes  the  base  is  massive  and 
quartzose  like  the  basal  sandstone  at  other  lo- 
calities, but  it  is  rather  fine  grained.  However, 
in  this  fine-grained  mass  are  irregular  masses 
of  coarse  sand,  which  have  the  general  aspect 
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of  the  pockets  containmg  the  pebbles  in  places 
where  the  rock  is  coarser  grained. 

Two  beds  of  coal  were  found  between  this 
quartzose  sandstone  and  the  cliff-making  sand- 
stones at  the  top  of  the  section.  No  special 
consideration  was  given  to  these  beds  in  the 
field,  but  when  the  sections  were  plotted  to  the 
same  scale  and  compared  (see  PL  V,  p.  56) 
these  coal  beds  were  found  to  correspond  in  a 
general  way  with  those  observed  in  several 
other  places. 

KOEHLEB  ABEA. 

At  Koehler  is  situated  one  of  the  large  mines 
of  the  St.  Louis,  Rocky  Mountain  &  Pacific 
Coal  Co.  Although  the  coal  measures  are  not 
so  well  exposed  in  this  area  as  they  are  in  some 
other  places,  the  relation  of  the  Vermejo  to  the 
Raton  formation  is  conspicuously  shown.  The 
basal  conglomerate  of  the  Raton  is  thick, 
coarse,  and  well  indurated  and  forms  a  promi- 
nent cliff.  In  some  places  it  Ues  unconform- 
ably  on  the  Vermejo  formation,  and  in  other 
places  it  transgresses  the  Vermejo  and  rests  on 
the  Trinidad  sandstone. 

CTJBTis  creek:. 

LOCALITY  ». 

A  section  extending  from  the  top  of  the 
Pierre  shale  to  the  cliffs  at  the  top  of  the  mesa 
was  measiured  at  locality  29  in  the  prominent 
point  between  the  forks  of  Curtis  Creek,  2  miles 
northeast  of  locality  28.  The  Pierre  shale  and 
Trinidad  sandstone  are  characteristically  de- 
veloped. A  thin  bed  of  coal  was  found  at  the 
base  pf  the  Vermejo  forfnation  at  the  horizon 
occupied  by  the  main  coal  developed  at  Daw- 
son. A  higher  bed  of  impure  coal  may  be  one 
that  is  not  represented  farther  south,  or  it  may 
be  the  equivalent  of  the  thick  bed  found  at 
localities  27  and  28,  although  it  is  considerably 
lower  in  the  section.  The  measurements  of 
this  section,  like  those  of  most  of  the  other  sec- 
tions given  in  this  paper,  were  made  at  the 
surface  and  are  subject  to  slight  correction. 
In  many  places  where  soft  shale  is  overlain  by 
harder  rocks  these  tend  to  creep  downward  in 
the  steep  sides  of  the  mesa,  thus  making  the 
shale  appear  thinner  than  it  really  is.  This 
may  possibly  explain  in  part  the  apparent  thin- 
ness of  the  Vermejo  formation — only  43  feet — 
in  this  section.  On  the  other  hand,  the  fact 
that  in  other  places  differences  in  thickness  of 
this  formation  are  knowm  to  be  due  to  erosion 


makes  it  rational  to  attribute  the  thinni 
this  locality  to  this  cause.  The  correlati 
the  main  coab  with  the  thick  bed  desc 
farther  to  the  south,  and  also  with  a  still  t\ 
bed  found  farther  to  the  north,  is  strengtl 
by  the  known  continuity  of  the  bed  in  ( 
Canyon,  where  is  has  been  prospected 
found  to  have  an  average  thickness  of  i 
6  feet.  North  of  locality  29  it  thic 
-Vbout  a  mile  to  the  north  it  contains  6  f( 
inches,  and  at  locality  30,  9  feet  of  coal, 
section  follows: 

Section  of  rocks  measured  at  locality  29,  north  of  Curtis 

X.  Mex, 

[Foit  graphic  section  see  PI.  V,  p.  56.) 

Raton  fonnation: 

'Sandstone,  yellow,  massive,  fine  grained .... 

Covered 

Sandstone,  yellow,  massive,  fme  grained .... 
Shale,  sandy 

Coal 

Sandstone,   thin   be<idcd,   alternating  with 

yellow  sandy  shale 

Shale 

Coal , 

Shale,  drab 

Sandstone,  massive,  fine  grained 

Shale,  drab  to  yellow. 

Coal 

Shale,  not  continuously  exposed 

Coal 

Shale,  yellow  to  brown 

Sandstone,  massive,  coarse  grained 

Sandstone,  thin  bedded,  and  sandy  shale, 

not  continuously  exposed 

Sandstone 

Shale 

Sandstone 

Covered 

Sandstone,  fine  grained,  hard,  and  quartzose. 


Unconformity. 
Vermejo  formation: 

Shale,  brown  to  black 

Coal : 

Shale,  black,  carbonaceous. 

Coal 

Shale,  bro^vn  to  black.. 

Coal 

Shale 

Sandstone,  yellowish  white. 

Coal,  bony 

Shale,  brown  to  black 


r 


Trinidad  sandstone 

Pierre  nhale: 

Transitional  zone. 

Shale. 
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No  conglomerate  was  found  at  the  base  of 
the  Raton  formation,  but  the  sandstone  sup- 
posed to  constitute  the  base  is  hard  and  quartz- 
ose  like  the  undoubted  basal  sandstone  at 
other  localities.  The  coal  beds  found  well  up 
in  the  section  correspond  in  a  general  way  to 
the  coal  beds  farther  south  that  have  been 
described  as  occurring  in  the  Raton  formation 
between  the  basal  conglomerate  and  the  over- 
lying cUff-making  sandstones. 

LOCALITT  so. 

Section  30  was  measured  in  the  south  side 
of  the  point  of  the  mesa  north  of  the  north 
fork  of  Curtis  Creek,  about  2  miles  northeast 
of  locality  29,  which  it  supplements  to  some 
extent,  as  in  it  no  doubt  exists  as  to  the  base 
of  the  Raton  formation.  The  Vermejo  forma- 
tion is  less  than  50  feet  thick  and  contains  one 
thick  bed  of  coal  and  one  thin  bed.  The  sec- 
tion follows: 

Section  of  rocks  measured  at  locality  30  j  north  of  North  Fork 

of  Curtis  Creek  J  N.  Mex. 

(For  graphic  section  see  PI.  V,  p.  SS.J 

Ft.     in. 

Raton  formation: 

Sandstone  and  shale;  several  hundred  feet. 
Sandstone,  massive,  coarse  grained,  base  ir- 
regular      53      0 

Unconformity.  === 

Vermejo  formation: 

Shale,  with  layers  of  thin  sandstone  and  iron- 
stone nodules 18      0 

Coal 9      0 

Shale,  buff-colored 7      0 

Coal 6 

Shale 1      0 

Sandstone,  white,  granular 9      0 

Shale,  buff-colored 5      0 


49  6 

Trinidad  sandstone 90  0 

Pierre  shale: 

Transitional  zone 25  0 

Shale.  -     ^= 

217      6 

The  base  of  the  Raton  consists  of  a  thick, 
coarse-grained,  massive  sandstone  that  forms 
a  conspicuous  bluff  and  rests  with  uneven  base 
on  the  shales  of  the  Vermejo  formation.  The 
chff-making  sandstones  at  the  top  of  the  mesa 
are  conspicuously  exposed  at  this  locahty,  but 
the  shales  underlying  them  are  covered  with 
rock  debris,  and  the  section  above  the  53-foot 
sandstone  was  not  measured.  The  rocks  a  few 
feet  above  it  contain  fossil  plants,  but  only 


one  species,  Palaeoaster  inquirenda  Knowlton, 
which  was  very  perfectly  preserved,  was  col- 
lected. This  fossil  was  found  in  slide  rock 
apparently  about  50  feet  above  the  base  of  the 
Raton  formation.  A  landslide  at  this  point 
obscures  the  relations. 

The  thick  bed  of  coal  in  the  Vermejo  forma- 
tion has  been  traced  along  the  outcrop  for  a 
considerable  distance  on  either  side  of  this 
locaUty  and  opened  in  several  places.  In  Wal- 
dron  Canyon,  1^  miles  northwest  of  locality 
30,  the  coal  is  8  feet  thick  and  the  shale  inter- 
vening between  it  and  the  basal  sandstone  of 
the  Raton  formation  is  only  5  feet  thick. 
Between  this  point  and  locality  31  the  coal 
ranges  in  thickness  from  7  feet  to  nearly  9  feet. 

KOEHIjER. 

LOCALITT  SI. 

At  locality  31,  on  the  first  prominent  point 
of  the  mesa  south  of  Koehler,  the  Pierre  shale 
and  Trinidad  sandstone  are  well  exposed.    The 
main  bed  of  coal,  9  feet  thick,  is  18  feet  above 
the  top  of  the  Trinidad.    The  sandstone  5  feet 
above  the  top  of  this  coal  is  conglomeratic  and 
lies  unconformably  on  the  shale  that  separates  *" 
it  from  the  coal.     A  few  specimens  of  Sequoiia 
reichenbachi  (Geinitz)  Heer  (U.  S.  Geol.  Survey 
fossil  locaUty  5811)  were  found  at  the  surface 
in  such  a  position  as  to  indicate  that  they   >^ 
probably  came  from  the  Vermejo  formation.    ^ 
The  section  follows:  \ 

Section  of  rocks  measured  at  locaUty  SI,  south  of  Koehler^ 

X.  Mex. 

[For  graphic  section  sec  I'l.  V,  p.  50.) 

Ft.     in. 
Raton  formation: 

Sandstone,    conglomeratic,    coarse    grained, 

quartzose,  containing  siliceous  pebbles  up 

to  li  inches  in  diameter 28      0 

Unconformity.  =z=== 

Vermejo  formation: 

Covered •. 5      0 

Coal 9      0 

Shale,  not  continuously  exposed 18  ^0. 

32      0 

Trinidad  sandstone 80      0 

Pierre  shale : 

Transitional  zone. 

Shale.  === 

140      0 
LOCAIITIES  32  TO  S5. 

Four  sections  of  the  Vermejo  formation  were 
measured  near  Koehler  and  can  best  be 
described  together.     The  main  workings  of  the 
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Koehler  mine  lie  between  localities  31  and  32, 
-south  of  the  southern  branch  of  Crow  Canyon,  in 
which  Koehler  is  situated.  Two  other  openings 
are  in  the  gulch  west  of  locaUty  33.  The  mine 
is  in  the  thick  bed  of  coal  shown  in  sections  30 
and  31.  These  mines  offered  opportunities  for 
observation  not  enjoyed  in  undeveloped  regions. 

In  the  vicinity  of  Koehler  the  Vermejo  forma- 
tion becomes  very  thin  and  disappears  entirely 
north  of  locahty  40,  and  the  basal  sandstone  of 
the  Raton  formation  becomes  very  massive  and 
conglomeratic.  The  shale  separating  the  coal 
from  the  conglomerate  at  locaUty  31  occurs  in 
some  places  in  the  mine  and  in  other  places  it 
is  absent,  allowing  the  conglomerate  to  rest 
directly  upon  the  coal.  At  locaUty  32  this 
coal,  which  is  normally  6  to  12  feet  thick  in  the 
vicinity  of  Koehler,  is  only  4  feet  thick,  and  the 
conglomerate,  with  pebbles  half  an  inch  or 
more' in  diameter,  rests  directly  upon  it.  The 
under  surface  of  the  conglomerate  at  this 
locality  is  covered  with  the  peculiar  wormUke 
markings  that  have  been  found  in  several  other 
places,  notably  in  the  mine  at  Van  Houten,  on 
the  under  surface  of  the  basal  conglomerate. 

The  thinning  of  the  Vermejo  formation 
toward  the  west  is  shown  in  an  abandoned 
mine  at  locaUty  33.  In  this  mine  the  con- 
glomerate rests  upon  the  coal,  which  thins  in 
the  direction  in  which  the  entry  was  driven, 
and  the  mine  was  abandoned  at  a  point  where 
the  coal  was  less  than  2i  feet  thick.  In  the  east 
wait  of  the  same  gulch  an  opening  was  made  on 
this  same  coal  bed,  and  a  measurement  a  few 
hundred  feet  from  the  mouth  showed  14  feet  of 
coal  separated  from  the  overlying  conglomerate 
by  6  feet. of  shale.  At  this  locality,  therefore, 
there  is  a  conspicuous  and  weU-marked  un- 
conformity by  erosion.  The  following  sections, 
measured  at  the  surface  a  little  farther  to  the 
east  at  locaUties  33  and  34,  show  that  the  rock 
intervening  between  the  coal  bed  and  the  over- 
lying conglomerate  attains  in  places  a  thickness 
of  at  least  22  feet.     (See  PI.  V,  p.  56.) 

Section  of  rocks  measured  at  localitif  3.i,  near  Koehler, 

N.  Mex. 


f  For  graphic  section  nee  V\.  V,  p.  56.] 

Raton  fonnation: 

Conglomerate,    siliceous    pebbles    up  to   1 

inch  in  diameter 30± 

XJncimformity.  == 


Ft.     in. 


Vermejo  formation: 

Shale,  buff -colored,  sandy 

Coal 

Shale,  buff-colored 

Sandstone,  white,  friable,  granular, 
Shale,  light-colored,  sandy 


Trinidad  sand.^tone: 

Sandstone,    containing    Halymenites    viajor 
Lesquereux     and      Tancredia     americana 

Meek  and  Haydcn  (8358) 

Pierre  shale: 

Transitional  zone 

Shale. 

Section  of  rocks  measured  at  locality  34  j  near  Koehler , 

(220  feet  east  of  section  S3). 

[For  graphic  section  sec  VI.  V,  p.  56.] 

Raton  formation: 

Conglomerate,  siliceous  pebbles  up  to  1  inch 
diameter 

Unconformity. 
Vermejo  formation : 

Shale 

Sandstone,  shaly 

Shale 

Coal 

Shale 

Sandstone 

Shale,  sandy ^ 


Trinidad  sandstone: 

Sandstone,  containing  Ifalymenites  major  L 
quereux. 
Pierre  shale: 

Transitional  zone. 

Shale. 

In  the  side  of  the  canyon  north  of  E 
(Prairie  Crow  Canyon)  the  rocks  ext 
from  the  upper  part  of  the  Pierre  shale 
cUff-making  sandstones  of  the  Raton  fon 
at  the  top  of  the  mesa  are  well  exposed  (: 
2),  and  a  section  was  measured  (locaht 
The  Pierre  shale  contains  limestone  cone 
which  have  a  few  poorly  prcserv^ed  ii 
brates,  none  of  which  were  collected 
Trinidad  sandstone  is  unusually  thin  i 
locahty,  but  otherwise  it  is  not  differcn 
the  Trinidad  describe<l  at  neighboring 
ities.  It  is  here  less  conspicuous  th£ 
basal  conglomerate  of  the  Raton  fom 
The  coal  bed,  which  has  a  maxunum  ob 
thickness  of  14  feet  less  than  a  mile  "v 
this  locahty,  does  not  appear  here,  but 
of  ash  was  found  that  obviously  was  c 
from  its  burning.     The  section  follows. 
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FnuKE  3.-Polnt  o(  men  near  Koabln,  N.  Max.,  tbowint  lbs  rebi 
V,  Vernujo  fctmatlon;  R,  RMiaa  bxmMlaa;  6S 
Section  of  rod  mfarured  at  loealiiy  35,  north  of  Kothkr. 
N.  Mac. 

[For  graphic  sepUon  Me  I'l.  V,  p.  I».| 

Ruton  {orm»tioii:  Ft.  In. 

Saodstone,  yellow,  inaMive 30  0 

Covered 75  0 

Sandstone,  yellow,  nuuHivc 15  0 

Sandstone,  yellow,  thin  bedded,  with  part- 
ings of  sandy  shale;  not  continuously  ex- 
posed   35  0 

SaiidBtone,  yellow,  nuarive 14'  0 

Shale,  drab  to  brown 10  0 

Sandstone,  yellow,  manive 18  0 

Shale  aad  sandstone,  not  continuously  ex- 
posed   44  0 

Sandstone 20  0 

Covered 8  0 

Sandstone 3  0 

Shale  and  shaly  sandstone IG  0 

Sandstone,  conglomeratic,  coarse  graiacd, 
quartzose.  with  siliceous  pebliles  up  to  1 

inch  in  diameter 26  0 

314      0 
Unconformity.  

Shale  and  shaty  efflndstODo 23      0 

Ash  (represent ins  burned  coal  of  the  bed 
which  a  quarter  of  a.  mile  to  tlie  west  w  12 

Icct  thick) G 

8hale.... 1      0 

Toal.  dirty ' 6 

Shale,  brown  to  black,  sandy 6      0 

Trinidad  sandstone:  30      G 

Sandstone,    with    shaly    parlinga;    contains 

llntiiinmiU»mii}orl,est\neKVL\ 45      0 

Pierre  shale: 

Transitional  zone. 

Shale.  -  -  ■  ■ 
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The  basal  conglomprat«  of  the  Raton  format 
tion  here  forms  the  prominent  cliff  shown  in 
figure  2.  The  higher  beds  were  examined  aa 
described  in  the  forgoing  section,  but  no  coal 
was  found  to  correspond  with  the  highest  bed 
described  in  several  of  the  preceding  sections. 

LOCAUTT  ti. 

A  section  of  the  Vermejo  formation  was 
measured  in  the  north  wall  of  Prairie  Crow 
Canyon,  at  locality  36,  1^  miles  northwest  of 
locahty  35.  Only  the  upper  part  of  the  Trini- 
dad sandstone  is  exposed.  The  Vermejo.  is 
much  thicker  than  it  is  a  mile  farther  south,  at 
locahties  33  and  34,  and  contains  two  beds  of 
coal.  Although  the  8-inch  bed  near  the  base 
of  the  formation  has  the  stratigraphic  position 
of  the  main  coal  the  thick  bed  near  the  top  is 
supposed  to  be  the  one  developed  in  the  Koehler 
mine.  Although  only  3  feet  of  coal  was  found 
in  this  bed  where  the  section  was  measured,  the 
ci»al  is  5  feet  thick  about  one-fourth  mile 
farther  west.  It  is  possible  that  the  27-foot 
sandstone  belongs  to  the  Trinidad,  in  which 
case  the  thick  coal  bed  and  the  overlying  con- 
glomerate woidd  be  brought  doMTi  to  a  more 
rational  position  in  the  section  (see  PL  V, 
p.  561,  but  this  would  necessitate  the  reference 
of  the  8-inch  bed  of  coal  and  20  feet  of  shale  to 
the  Trinidad. 

Tile  basal  conglomerate  of  the  Raton  forma- 
tion has  here  practically  the  same  thickness  and 
character  as  that  described  at  the  KoelJer  mine 
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and  reets  iinconformably  on  the  shale  which 
overlies  the  main  coal.     The  section  follows: 

Section  of  rock  measured  at  locality  S6y  northwest  o/Koehler, 

N.  Mex, 

[For  graphic  section  see  PI.  V,  p.  50.] 

Raton  fonnation:  Ft.    in. 

Sandstone,  conglomeratic 27      0 

Unconformity.  ===== 

Vermejo  formation: 

Covered 4      0 

Coal 3+ 

Shale 5      0 

Sandstone,    white,    coarse,    massive,    shaly 

toward  the  top 27      0 

Coal 8 

Shale,  brown  to  black 4      0 

Shale  and  massive  sandstone,  not  continu- 
ously exposed 16      0 

Trinidad  sandstone.  === 

59      8 


86+ 
LOOAUTTn. 

Another  section  was  measured  in  the  north 
wall  of  the  middle  fork  of  Crow  Canyon,  at 
locality  37,  about  half  a  mile  southeast  of 
locality  36.  A  thickness  of  50  feet  of  the 
Trinidad  sandstone  is  exposed,  but  the  base 
was  not  seen.  The  Vermejo  formation  is  much 
thinner  than  at  locality  36,  but  the  lowest  shale, 
9  feet  thick,  seems  to  be  the  equivalent  of  the 
lower  20  feet  of  the  last  section,  and  the  10  feet 
of  white  granular  sandstone  is  apparently  the 
equivalent  of  the  27-foot  sandstone  of  that 
section;  but  no  coal  was  observed  between  the 
shale  and  this  sandstone.  The  coal  bed  is  evi- 
dently continuous  with  the  main  coal  at  lo- 
cality 36,  and  the  basal  conglomerate  of  the 
Raton  formation  rests  here  directly  upon  the 
eoal.     The  section  follows: 

Section  of  rocks  measured  at  locality  S7,  northwest  of  Koehler. 

N.  Mex. 

[For  graphic  section  see  PI.  V,  p.  56.) 

Ft.     In. 
Baton  formation: 

Sandstone,  conglomeratic 30  0 

Unconformity.      ,  ===== 

Vermejo  formation: 

Coal....,...., 12  0 

Shale,  black,  carbonaceous 3  0 

Sandstone,  white,  coarse  grained ,  granular 10  0 

Shale,  sandy 9  0 

34      0 
Trinidad  sandstone. 50-f 

114-f 


LOOALTTT  S8. 

The  main  coal  bed,  which  was  found  to 
12  feet  thick  at  locality  37,  can  be  traced  then 
along  the  outcrop  to  a  point  three-fourths  of 
mile  or  more  to  the  southeast,  where  it  is  8 
9  feet  thick,  but  in  the  point  between  Praii 
Crow  Canyon  and  the  canyon  of  Crow  Creek 
has  been  burned  in  some  places.     Section 
was  measured  on  this  point,  which  is  about 
miles  southeast  of  locality  37.     The  resul 
follow: 

Section  of  rocks  m£aswred  at  Iccality  38,  northwest  of  Koehi 

N.  Mex. 

(For  graphic  section  sei»  l*\.  V,  p.  56.] 

Raton  formation:  Fee 
Sandstone,     coarse     grained,     conglomeratic, 
quartzose,  with  pebbles  up  to  an  inch  in 

diameter 3c 

Unconformity.  == 

Vermejo  formation: 

Shale I 

Sandstone 1' 

Shale,  sandy 1( 

Sandstone i 

Coal i 

Shale i 

3f 
Trinidad  sandstone 4J 

IK 
LOCALirT  39. 

In  the  west  wall  of  Crow  Canyon,  at  locali 
39,  the  rocks  are  fairly  well  exposed,  ami 
short  section  was  measured,  but  the  main  cc 
bed  of  this  region  was  not  found.  Two  be 
of  coal  occur  here  in  place  of  the  one  found 
locality  38,  where  the  upper  bed  seems  to  ha 
been  eroded  away  previous  to  the  depositi- 
of  the  conglomerate.     The  section  follows: 

Section  of  rocks  measured  at  locality  39,  in  west  loall  of  Cr 
Canyon,  about  3  miles  north  of  Koehler,  N.  Mex. 

[For  graphic  section  see  11.  V,  p.  56.] 

Raton  formation:  Fe 

Sandstone,  conglomeratic 

Unconformity.  = 

Vermejo  formation: 

Coal 

Shale 

Sandstone 

Coal : 

Shale..... 

Sandstone 

Shale 

Trinidad  sandHtoiie 
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In  the  same  side  of  the  canyon,  less  than 
one-eighth  mile  northwest  of  locality  39,  the 
higher  coal  is  something  more  than  5  feet  thick 
and  is  separated  from  the  overlying  conglom- 
erate ])y  about  3  feet  of  shale.  No  sections 
were  measured  in  the  east  wall  of  Crow  Canyon, 
but  the  main  coal  has  been  opened  in  many 
places  and  the  results,  reported  by  Orestes  St. 
John,  have  been  furnished  for  this  paper  by 
the  St.  Louis,  Rocky  Mountain  &  Pacific  Coal 
Co.  In  ten  prospect  openings  north  and  east 
of  locality  39  the  main  coal  bed  ranges  in  thick- 
ness from  about  4  feet  to  more  than  12  feet. 
On  Castle  and  Schombiu^  creeks  the  con- 
glomerate rests  on  the  coal.  In  a  drill  hole 
between  Castle  Creek  and  Van  Houten  a  6-inch 
shale  lies  between  this  conglomerate  and  the 
coal;  and  in  the  Willow  mine,  which  extends 
from  Willow  Canyon  to  this  drill  hole,  the 
conglomerate  is  either  on  the  coal  or  very  close 
to  it.  (See  p-.  96.^  A  prospect  opening  in  the 
point  east  of  Schomburg  Creek  shows  the  con- 
glomerate resting  on  the  coal,  which  is  here 
nearly  8  feet  thick;  but  east  of  this  point  the 
coal  was  not  observed.  There  is  no  doubt  that 
the  coal  bed  was  once  continuous  in  the  vicinity 
of  Crow  Creek  canyon,  but  it  is  equally  doubt- 
less that  it  is  not  continuous  at  the  present 
time.  Through  the  Crow  Creek  district  the 
basal  conglomerate  of  the  Raton  formation  is 
persistent  in  character  and  occurrence  and 
forms  a  prominent  cliff  that  is  easily  traced 
from  place  to  place.  It  is  clearly  unconform- 
able on  the  Vermejo  formation,  resting  in  some 
places  on  shale  which  overlies  the  main  coal,  in 
other  places  on  the  coal,  and  in  still  other  places 
on  beds  that  normally  imderlie  the  coal. 

LOCALXTT  40. 

East  of  Schomburg  Creek  the  Vermejo  thins, 
and  about  half  a  mile  north  of  locahty  40  it  is 
15  feet  thick.  A  little  farther  south  the  con- 
glomerate rests  on  coal  1  foot  6  inches  thick, 
and  still  farther  south  on  coal  only  a  few  inches 
thick.  Wliere  section  40  was  measured  the 
Vermejo  formation  is  a])Out  3  feet  thick,  and  a 
few  hundre^l  f^-ctiarthcr  to  the  east  it  is  absent 
and  the  conglomerate -rests  on  the  Trinidad 
sandstone. 


Section  of  rods  tMOiured  at  locality  40^  ea»t  of  KoMer^ 

N,  Mex. 

(For  graphic  section  see  PI.  V/p.  M.] 

Raton  formation:    *  FMt. 

Conglomerate,  casts  of  worm  borings  at  the  base . .    38 
Unconformity. 
Vermejo  formation: 

Shale,  black,  carbonaceous 3 

Trinidad  sandstone: 

Sandstone    containing    IlalymenUes   major    Les- 
qiiereux 38 

Shale  and  shaly  sandstone > 3 

Sandstone    containing    Ilalymenites   major   Les- 

quereux 40 

Pierre  shale: 

Transitional  zone. 

Shale.  

122 

For  about  lialf  a  mile  east  and  north  of 
locaUty  40  the  rocks  are  well  exposed ;  and  the 
relation  of  the  conglomerate,  which  rests  on  the 
Trinidad  except  in  a  few  places  where  a  foot  or 
two  of  dark  shale  intervenes,  is  plainly  dis- 
cernible. These  irregular  masses  of  shale  make 
the  unconformity  between  the  Trinidad  and 
the  basal  conglomerate  of  the  Raton  very  con- 
spicuous, especially  where  the  base  of  the  con- 
^omerate  extends  diagonally  across  the  edges 
of  the  horiz<Mitally  bedded  shale. 

VAN  HOITTEN  ABSA. 

At  Van  Houten  is  located  the  Willow  mine, 
one  of  the  largest  producers  of  the  St.  Louis, 
Rocky  Moimtain  &  Pacific  Coal  Co.  The  un- 
conformity between  the  Raton  and  Vermejo 
formations  is  nearly  as  conspicuous  here  as  it 
is  near  Koeliler.  Indeed,  these  two  areas  are 
probably  the  best  and  most  accessible  in  the 
Raton  field  for  examining  the  structural  rela- 
tions of  these  formations. 

TAN  HOUTEN. 

LOCALITY  41. 

For  about  2  miles  northeast  of  locality  40  the 
rocks  appear  from  a  distance  to  be  poorly  ex- 
posed, especially  in  the  Falls  Creek  embayment, 
and  no  attempt  was  made  to  examine  them; 
but  in  an  eastward-facing  escarpment  main- 
tained by  the  resistant  rocks  of  the  Trinidad 
sandstone  and  the  Raton  formation  north  of 
Falls  Creek,  the  rocks  are  well  exposed. 

The  b(^t  exposure  found  between  Falls 
Creek  and  Willow  Creek  is  at  loc^ty  41,  about 
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e  Vermejo  formation  is  absent  and  the  Raton  formation  reata  uneonformably  upon  the  Trinidad  s 
1,  The  plains:  P,  Pierre  shale;  T,  Trinidad  sandstone;  U,  unconformity;  R',  basal  conulomerate  of 
Ijrrnation;  R.  Raton  formation. 
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NORTH    WALL   OF    CANYON    AT    THE    MINE. 


Structural  Relations  of  Formations  at  Willow  Mine.  Van  Houten. 
N.  Mex. 

T,  Trinidad  3andston«;  V,  Vermejo  formation;  c,  coal  bed  in  the  Vormejo:  U.  unconformity  between 
the  Vermejo  and  the  Raton  formations;  R,  Raton  formation :  R',  basal  conaiomerate  of  the  Raton 
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3  miles  northeast  of  locality  40.  The  Pierre 
shale  forms  long  barren  slopes  at  the  foot  of  the 
mesa,  and  the  overlying  transitional  beds  of 
alternating  sandstone  and  shale  are  character- 
istically developed.  The  Trinidad  sandstone 
is  also  normally  developed  and  appears  as  a 
white  band  in  the  face  of  the  cliff!  There  are 
no  rocks  at  this  locaUty  that  can  bo  referred  to 
the  Vermejo,  and  the  basal  conglomerate  of  the 
Raton  formation  rests  unconformably  on  the 
Trinidad  sandstone.     (Sec  PL  VIII,  A,  B.) 

There  are  few  places  in  the  Raton  coal  field 
where  the  imconfonnity  is  so  conspicuously 
exposed  as  in  the  escarpment  at  this  place.  In 
Plat«  VIII,  Cj  the  photograph  for  which  was 
taken  from  a  point  half  a  mile  or  more  from  the 
face  of  the  cliff  the  line  of  unconformity  would 
scarcely  be  distinguished  by  one  unfamiliar 
with  the  rocks  themselves,  but  in  Plate  VIII, 
A,  By  which  presents  nearer  views  of  parts  of 
the  same  exposure,  the  Unc  of  unconformity  is 
plainly  discernible.  The  horizontally  bedded 
Trinidad  sandstone  has  obviously  been  eroded 
and  the  conglomerate  lies  diagonally  across  the 
truncated  layers.  The  conglomerate  is  harder 
than  some  of  the  neighboring  rocks  and  in 
some  places  juts  out  beyond  the  imderlying 
sandstone.  Near  the  point  where  the  photo- 
graphs reproduced  in  Plate  VIII  were  taken 
the  following  section  was  measured : 

Section  of  rocks  measured  at  locality  41  j  if^  bluffs  of  mesa 
about  2  miles  southeast  nf  Van  Iloutcn^  N.  Mex. 

{For  graphic  section  see  ris.  V,  p.  50.  an<l  X,  p.  108.] 

Raton  fcmnation:  Ft.  in. 

Sandstone,  massive,  clif!  making 70  0 

Shale,  soft,  with  thin  bcnls  of  sandstono 50  0 

Sandstone G  0 

Shale 8  0 

Sandstone,  thinly  bedded 12  0 

Shale 12  0 

Coal 2  G 

Shale 8  0 

SandsUme,  thin  bedded  near  top,  massive 

below 30  0 

Shale,  carbonaceous,  with  thin  bods  of  coal 21  o 

Sandstone 10  0 

Shale,  black 15  0 

Sandstone,  coarse  grained,  maHsivc,  clilT  mak- 
ing, locally  conglomeratic 40  0 

Shale 20  0 

Sandstone,  white,  coarse^  grained,  friable 20  0 

Shale,  bUick 3  0 

Conglomerate  and  coarst^-grained sandstone..  50  0 

Unconfonnity.  

380      6 


Trinidad  sandstone: 

Sandstone  containing  Halymenxies  major  Les- 
quereux 

Pierre  shale: 

Transitional  zone. 
Shale. 

The  basal  conglomerate  of  the  Raton 
tion  is  here  about  50  feet  thick  and  isi 
massive,  and  resistant.     It  consists  of  a 
of  coarse  sand  in  which  siliceous  pebbles 
in  more  or  less  irregular  masses.     So 
observed,  the  pebbles  are  most  numeroi 
the  base  but  are  found  here  and  there  tl 
a  thickness  of  about  50  feet.     At  this  I 
they  are  not  confined  to  the  base  of  the 
formation  as  they  appear  to  be  in  many 
Also,  pebbles  were  found  130  feet  abo 
base  of  the  formation. 

The  capping  rock  of  the  mesa  is  the  n 
cliff-making  sandstone  that  forms  an 
continuous  escarpment  from  Cimarr 
Raton.  The  softer  slialy  beds  describe^ 
many  other  localities  as  occurring  betwe 
conglomerate  and  the  overlying  cliff-r 
sandstones  are  characteristically  develo 
this  locality  and  carry  coal  at  two  ho 
At  the  lower  horizon  only  thin  beds  were 
but  at  the  higher  a  bed  occurs  2  feet  6 
thick.  Although  this  coal  bed  is  aboi 
feet  above  the  base  of  the  Raton  forma 
is  probably  to  be  correlated  in  a  generj 
with  the  bed  described  in  several  of  tli 
going  sections  as  occurring  1 10  to  150  feet 
the  base  of  this  formation.  The  absenc 
this  locality  of  rocks  referable  to  the  Vc 
considered  in  connection  with  their  occi; 
on  either  side  of  it  and  the  unusual  thi 
of  the  conglomerate,  suggests  that  th 
glomerate  was  deposited  in  a  local  depr 
perhaps  a  valley  of  erosion.  The  top 
conglomerate  may  be  regarded  as  a  | 
plain  on  which  the  succeeding  beds  wc 
posited,  and,  for  purposes  of  correlatii 
coal  beds  above  the  conglomerate,  the  v 
distances  from  this  plain  to  the  coal  sho 
considered.  With  this  in  mind,  it  seem 
probable  that  the  main  coal  bed  of  this  fc 
may  be  the  equivalent  of  the  coals  holdin 
lar  positions  farther  south.     (See  PL  X,  p 

LOCALITY  42. 

For  nearlv  2  miles  north  and  west  of  1( 
41  the  relations  of  the  formations  are 
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eutlj  unchanged.    At  locality  42,  in  the  west  i  but  from  the  relations  observed  at  the  surface 
wall  of  tho  south  fork  of  Willow  Canyon,  the  I  at  locality  42  it  is  certain  that  the  coal  disap* 


basal  conglomerate  of  the  Raton  formation 
rests  on  the  Trinidad  sandstone,  but  immedi- 
ately to  the  north  this  thiu  edge  of  the  coal- 
bearing  shales  of  the  Vermejo  occure  between 
tho  conglomerate  and  tho  Trinidad,  underlying 
the  conglomerate  with  conspieuoils  uncon- 
formity,    (See   fig.   3.)     vVt   this  point  small 


FiuuRE  3. -Sketch  al 
tDtnutkio  In  Wll]o« 
erat«of  tbe  Raton  lormBtion.rBstliig  ai 
Shalt  o(  tti<  VnrreJD  lormBthm. 


N  Mm. 

it  coal  uvl  UDditl;lDi 


fragments  of  coal  were  found  in  the  conglom- 
erate, apparently  resulting  from  erosion  of  the 
coal  bed.    A  few  hundred  feet  farther  north  a 
bed  of  coal  6  feet  thick  occurs  between  the 
Trinidad  and  the  conglomerate.    This  coal  is 
the  one  mined  at  Van  Houten  nnd  the  one 
which,  by  means  of  this 
development,  is   known 
to  be  the  same  bed  of 
coal    as  that  described 
from  the  vicinity  of  local- 
ity 39  and  elsewhere  in 
Crow  Creek  Canyon. 

West  of  locality  42 
the  coal  bed  has  been 
penetrated  by  mine  en- 
tries over  an  area  1  i 
miles  east  and  west  and 
2  miles  or  more  north 
and  south.  These  en- 
tries offered  an  excellent 
opportunity  for  observ- 
ing the  relation  of  the 
coal  bed  to  the  overly- 
ing conglomerate.  In 
the  part  of  the  mine 
nearest  locality  42  the 
conglomerate  rests  on 
the  coal,  which  ranges 
in  thickness  from  less 
than  2}  feet  to  about  15 
feet.  At  the  time  of 
the  investigation  mining 
operations  had  not 
been  carried  beyond  the 
point  where  the  coal  is 
much  less  than  2}  feet; 


pears  somewhere  between  this  locahty  and  the 
point  whore  mining  operations  ceased. 

\A'here  the  conglomerate  rests  on  the  coal 
the  contact  is  veryimeven  evidently  due  to 
erosion  of  the  bed  previous  to  the  deposition 
( f  tho  conglomerate  upon  it.  This  is  par- 
ticularly conspicuous  in  the  ])art  of  the  mine 
that  hes  immediately  west  of  locality  42; 
where  there  are  gr-ivel-fiiled  depressions  2  feet 
or  more  in  depth  in  the  upjter  surface  of  the 
coal.  (See  fig.  4.)  There  are  also  a  great  many 
dikelike  bodies  of  sandstone  and  conglomerate 
in  the  coal,  u.sually  connected  with  the  con- 
glomeratic sandstone  that  here  forms  the  roof 
of  the  mine.  An  attempt  has  been  made  in 
figure  4  to  show  the  relations  of  several  of  these 
bodies  to  the  coal  bed.  The  drawings  are 
made  from  sketches  and  measurements  made 
in  the  mine.  Some  of  the  bodies  are  more  or 
less  irr^ular  (see  fig.  4,  A)  and  have  the  gen- 
eral appearance  of  dikes;  others  (iig.  4,  0,  H) 
extend  only  part  way  through  the  coal.     Some 
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are  verj'  irregular  and  complicated  in  design  and 
range  in  thickness  from  a  fraction  of  an  iach 
to  4  or  5  fcot.  Some  of  the  larger  masses  are 
conglomeratic,  and  in  st)nio  places  (fig,  4,  (7)  con- 
siderable masses  of  conglomerate  ctit  through 
such  shflle  as  may  overlie  the  coal  and  well 
into  or  completely  through  the  coal  bed. 

In  several  places  (fig.  4,  D)  detached  masses 
of  coal  with  rough  surfaces  and  sharp  angulir 
edges,  as  if  torn  from  previously  consolidated 
coal,  are  included  in  the  sand.  In  two  places 
the  sandy  inclusions  wore  seen  associated  with 
alight  displacements  by  faulting.  In  one  of 
these  (fig.  4,  F)  the  displacement  appeared  at 
both  the  upper  and  lower  surfaces  of  the  coal 
bed.  In  another  (fig.  4,  B)  the  lower  surface 
showed  a  throw  of  a  foot  or  more,  but  the 
o&et  at  the  upper  surface  had  evidently  been 
eroded  away.  In  no  place  was  the  faulting 
observed  to  extend  to  the  overlying  conglomer- 
ate. Another  fault  in  the  coal  bod  is  shown 
in  figure  5. 


LOOAUTTU 


j  A  favorable  opportunity  was  affordi 
I  locality  43,  at  one  of  the  openings  of  tht 
'  low  coal  mine,  to  examine  the  relations  i 
■  basal  conglomerate  of  the  Raton  torn 
^  to  the  main  coal  bed  of  the  Vermejo 
this  mine  the  coal,  13  feet  thick,  is  ov 
I  by  the  conglomerate  and  exposed  a 
surface.  (See  PI.  IX,  A,  B.)  The  uppe: 
I  of  the  Trinidad  sandstone  is  somewhat 
near  this  locality  and  grades  into  the  Ve 
through  a  series  of  alternating  layers  of 
stone  and  shale.  In  a  former  publicati 
tho  writer  included  these  alternating  lay 
the  Vermejo  and  drew  the  line  for  tho  top 
Trinidad  at  the  top  of  tho  massive  sand 
However,  after  further  examination,  h( 
draws  the  boundary  5  feet  below  the  bi 
of  tho  coal.     Tho  sccti<m  follows: 

Section  o/  rock*  nutuured  at  lofalili/  +J,  war  T  an  J 
N.  ilfjc. 
[For  graphic  soclJon  see  PI.  V,  p.  5I1.I 

Raton  formation: 

CoDglomerate 

Uoconfonnity. 
Vermejo  formal  ion : 

Coal 

Shale 


IE  S.-Fnilt  Id  cool  al  Wlllon 


VauIioutrai.N'.Hex. 


The  ori^n  of  those  dikolike  bodies  in  tho 
coal  is  not  understood,  but  it  is  obvious  that 
they  are  associated  in  some  way  with  the 
deposition  of  the  conglomerate,  llie  fact  that 
the  conglomerate  was  deposited  upon  an  eroded 
surface  indicates  that  the  cavities  may  have 
been  open  fissures  such  as  are  frequently  found 
in  rocl^  exposed  at  the  surface,  and  that  these 
fissures  were  filled  at  the  time  the  conglomerate 
was  laid  down.  Furthermore,  the  fact  that 
the  faults  are  traceable  through  tho  coal  and 
into  the  underlying  shale  but  not  into  tho  con- 
glomerate points  to  the  inference  that  tho 
cATities  may  be  due  to  rock  movements  pro- 
tIous  to  the  consolidation  of  tho  conglomerate. 
Hm  angularity  of  the  blocks  of  coal  included 
in  the  masses  pf  sandstone  seems  to  prove  that 
the  bed  froiti  which  they  were  derived  had 
pused  beyond  the  stage  of  peat;  or,  in  other 
Words,  that  it  was  a  bed  of  consolidated  coal 
vhen  the  conglomeratic  sandstone  found  its 
my  into  the  cavities. 


Trinidad  eanilnlone: 

Sandstone,  foniliferoua  near  top. 

The  undcraide  of  the  conglomerate  at  lo 
43  is  covered  with  woniilike  bodies,  whi( 
probably  the  easts  of  worm  borings,  tl 
their  significance  is  not  known.    Similar  i 


ings  were  found  on  tho  underside  of  tht 
glomerate  at  several  of  the  localities  prev 
described.  jVltbough  no  shale  separate 
conglomerate  from  the  coal  at  locality  43, 
appears  between  these  beds  a  little  fi 
north  and  is  reported  by  tho  mining  eng 
at  Van  Ho u ten  as  increasing  in  thi< 
toward  the  north  and  west.  At  the  i 
western  extremity  of  the  mine  workin 
feet  of  shtde  was  reported  between  the  coi 
the  conglomerate.     (See  fig.  6.) 
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LOOALITT44. 

The  coal  of  the  Vermejo  formation  has  been 
prospected  in  many  places  north  and  east  of 
Van  Houten.  It  has  been  considerably  dis- 
turbed in  several  places  by  igneous  intrusions 
which  have  coked  the  coal  and  a  little  farther 
to  the  north  have  turned  it  to  graphite.  In 
the  north  wall  of  North  Willow  Canyon,  at 
locality  44,  about  1 J  miles  northeast  of  locality 
43,  a  short  section,  including  the  Vermejo,  was 
measured  as  follows: 

Section  of  rocks  measured  at  locality  44,  North  Willow  Can- 
yoYiy  near  Van  Houteny  N.  Mex, 

[For  graphic  section  see  PI.  V,  p.  56.] 

■ 

Raton  formation:  Feet. 

Igneous  rock  (basalt) 20 

Conglomerate 4 

24 
Unconformity.  .  

Vermejo  formation: 

Shale,  black,  carbonaceous 10 

Igneous  rock  (basalt) 10 

Shale 2 

Coal 7 

Shale,  with  intrusive  sheets  of  igneous  rocks. . .  20 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


49 
100  ± 


LOCALITY  46. 


173  ± 


For  some  distance  east  of  locality  44  the  con- 
glomerate and  overlying  beds  of  the  Raton 
formation  are  well  exposed,  but  because  of  the 
presence  of  surface  dfibris  few  satisfactory  ob- 
servations on  the  lower  rocks  could  be  made. 
At  locaUty  45,  about  1 J  miles  from  locaUty  44, 
a  section  was  measured  from  the  conglomerate 
to  the  cliff-maldng  sandstones  at  the  top  of 
the  mesa.  The  horizon  of  the  main  coal  bed 
below  the  conglomerate  was  recognized,  but 
the  coal  is  burned  at  the  outcrop.  The  cor- 
relation pf  the  beds  at  this  locality  is  made  on 
the  basis  of  the  conglomerate,  which  was  traced 
almost  continuously  along  the  side  of  the  mesa 
from  locality  44.     The  section  follows: 

iSecHoii  of  rocks  measured  at  locality  45,  about  2  mites  north' 

east  of  Van  IJouteUy  N.  Mex. 
[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Feet. 

Sandstone,  cliff  making 40 

Shale  and  igneous  rock 40 

Sandstone  and  igneous  rock 60 

Shaie  and  sandstone  in  alternating  beds 30 

Sandstone 20 


Raton  formation — Continued.  FetL 

Shale 25 

Sandstone 27 

Igneous  rock  (basalt) 3 

Shale,  carbonaceous,  with  thin  beds  of  coal 3 

Shale,  with  thin  beds  of  sandstone 60 

Sandstone,  conglomeratic  at  the  base 20 

Unconformity.  

328 
Vermejo  formation: 

Coal,  burned  at  outcrop ? 

Shale,  sandy,  carbonaceous,  thickness  not  deter- 
mined. 

Trinidad  sandstone.  

328 

RED  RFTER  PEAK. 
•      LOCAUTT  46. 

Another  section  extending  from  the  basal 
conglomerate  of  the  Raton  formation  to  the 
top  of  the  mesa  was  measured  at  locality  46, 
about  1  i  miles  east  of  locality  45.  The  Trini- 
dad sandstone  and  the  conglomerate  were  rec- 
ognized, as  was  also  some  carbonaceous  shale 
between  them,  but  no  coal  was  found.  It  is 
probable  that  the  coal  was  eroded  away  at  this 
locality  previous  to  the  formation  of  the  con- 
glomerate, as  it,  together  with  all  of  the  rocks 
of  the  Vermejo,  was  a  little  farther  east.  The 
section  follows:  • 

Section  of  rocks  measured  at  locality  46 ^  half  a  mile  west  of 

Red  River  Peaky  N.  Mex. 

[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation :  Peet 

Igneous  rock  (diabase) 15 

Sandstone  and  igneous  rock 50 

Shale 20 

Sandstone,  cliff  making 50 

Shale,  mostly  covered 60 

Sandstone,  white,  massive 40 

Shale,  locally  carbonaceous 30 

Sandstone,  cliff  making 20 

Shale,  not  well  exposed 20 

Sandstone,  cliff  making,  conglomeratic 20 

Unconformity. 

Vermejo  formation : 

Shale,  locally  carbonaceous,  thickness  not  de- 
termined. 

Trinidad  sandstone.  

325 

A  little  way  east  of  locality  46,  in  the  steep 
slopes  of  Red  River  Peak,  the  rocks  from  the 
top  of  the  Pierre  shale  to  a  horizon  well  up  in 
the  Raton  formation  are  well  exposed.  The 
Pierre  and  the  Trinidad  are  characteristically 
developed,  but  no  rocks  were  found  that  can  be 
referred  to  the  Vermejo.  The  basal  con- 
glomerate of  the  Raton  formation  rests  imcon- 
formably  upon   the   Trinidad.     This  relation 
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was  observed  in  several  places  around  Red 
Biver  Peak,  The  rocks  of  the  Raton  above 
the  conglomerate  consist  of  sandstone  and 
shale,  in  which  have  been  intruded  many 
sheets  of  igneous  rock. 

LOCAUTT  17. 

For  one-half  mile  or  more  north  of  Red  River 
Peak  the  basal  conglomerate  of  the  Raton  for- 
mation rests  on  the  Trinidad  sandstone  and 
together  they  form  a  prominent  cliff.  The 
upper  part  of  the  Pierre  shale  is  exposed  in 
many  places  near  this  locality  and  is  fossilifer- 
ous,  but  only  one  species  Unoceramua  vanuxemi 
Meek  and  Hayden),  found  about  400  feet  below 
the  top  of  the  shale  (U.  S.  Geol.  Survey  fossil 
locality  5602),  was  collected.  The  Trinidad 
sandstone  is  present  and  contains  the  usual 
fucoids,  but  it  is  much  thinner  here  than  it  is 
at  neighboring  localities  where  the  Vermejo 
occur  above  it.  At  locality  47,  about  one-half 
mile  northeast  of  locality  46,  a  critical  exami- 
nation was  made  of  the  rocks  near  the  contact 
of  the  Trinidad  and  the  conglomerate,  and  the 
following  section  measured: 


[Forgmi'li'^'i^'^'''''"™  ^1'  V,p.  SG.| 

Rkton  fonnation:  Ft.    in. 

Sandstone,  hard,  quartzose,  conglomeratic. . .    20     0 
Unconfonnity  (7).  -.  —  _.  =: 

Vennejo  formation: 

Sandstone,  yellowish  brown,  coarse  grained, 

poorly  coQBolidated 35     0 

Shale,  aandy,  carbonaceous,  resembling  soil 
(possibly  an  old  soil  horizon,  representing 

tnaeof  Raton fonnation) 4 

Unconformity.  

35      4 
Trinidad  sandstone: 

Sandstone,  aoft,  friable,  greenish  in  color  near 
the  top,  apparently  from  surface  weather- 
ing, grading  downward  to  white,  massive 
sandstone  i  contains  IIalymtnitf»  major  Les- 

quereuK 35     0 

Pierre  shale: 

Transitional  zone. 

Shale.  

90      4 

The  Trinidad  sandstone  is  here  only  35  feet 
Uiick,  as  compared  with  100  feet  or  more  to 
both  the  north  and  the  south.  This  sandstone 
is  dark  near  the  top  and  is  otherwise  different 
m  appearance  from  the  sandstone  as  usuuUy 
developed.  At  the  top  a  thin  irro|2:iilar  layer 
of  dark  sandy  carbonaceous  material,  unlike 


anything  seen  elsewhere  in  the  Trinidad 
represent  an  old  surface  soil.  For  about  3 
above  this  dark  layer  the  rocks  consist  of 
but  do  not  resemble  the  Trinidad,  nor  coul 
Ilalymenites  be  found  in  them.  They  an 
friable,  and  yellowish-brown  in  color,  like 
of  the  sandstones  of  th^  Raton  formatior 
are  notably  cross-bedded.  (See  fig.  7.) 
on  this  yellowish  friable  sand  with  unevet 
is  the  typical  basal  conglomerate  of  the  ] 
formation. 


FratiRE '.— Sketcb  ibowtng  tmroDEormity  at  ttw  base  at  the  Rato 
tlon  near  BhI  Rlvri  Poak,  N.  Ufx.  a,  Raton  (grmalioD  o 
beds  dI  doubtlu]  origin  tbat  occur  between  typical  Raton  aoi 
Trinidad. 

All  things  considered  it  seems  probabU 
the  erosion  which  removed  the  Vermejo  i 
vicinity  cut  deep  into  the  Trinidad  santi 
and  that  the  altered  a.spect  of  the  uppei 
of  this  sandstone  is  duo  to  surface  wcath 
The  writer  reached  the  conclusion  in  tb( 
that  the  dark  layer  above  the  Trinid 
probably  an  old  soil  horizon  and  nothtn 
been  learned  since  that  time  to  alter  thii 
elusion.  The  cross-bedded  sand  belov 
conglomerate  has  the  appearance  of  st 
deposited  sand  and  probably  was  the  first 
ment  deposited  at  this  locality  after  the  sti 
that  had  eroded  away  the  Vermejo  bet 
Bumed  deposition.  For  this  reason  the 
are  included  in  the  Raton  formation  as  s 
by  the  correlation  lines  on  Plate  V  (p.  .56 

CANADIAN  CANTON  AND  OABDINXB. 
aBNBRAb  PEATURBH. 

The  canyon  of  Canadian  River  (or  Red 
1  Canyon,  as  it  is  locally  called)  forms  a 
I  embayment  in  the  coal  measures.  Sou 
I  this  river  igneous  rock  has  been  intmdec 
I  the  coal  measures  at  several  horizons  a 
I  some  places  has  changed  tlie  coal  to  gra" 
However,  in  the  western  part  of  the  emhaj 
the  coal  occurs  in  normal  condition,  Noi 
Caiia<lian  Canyon  tlie  coal  beds  of  the  Ve: 
formation,  locally  known  as  the  Raton 
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have  been  worked  for  many  years  at  Gardiner. 
The  mine  was  not  in  operation  at  the  time  of 
the  "WTiter's  visit,  bnt  the  records  and  a  nxmiber 
of  drill  records  were  placed  at  his  disposal  and 
aided  materially  in  the  interpretation  of  surface 
phenomena. 

Tlie  Raton  coal  is  ordinarily  referred  to  as 
a  coal  bed  and  the  assumption  that  there  is  a 
single  continuous  bed  finds  some  confirmation 
in  the  fact  that  workable  coal  has  been  found 
at  about  the  same  horizon  at  nearly  all  the 
localities  prospected  in  the  mining  district. 
However,  by  inspection  of  a  considerable  nimi- 
ber  of  mine  maps,  drill  records,  and  other  data, 
it  seems  practically  certain  that  the  Raton  coal 
consists  of  a  series  of  close-lying  interlocking 
lenses  rather  than  of  one  bed. 

COTTONWOOD  CANYON. 

LOCALITY  48. 

About  a  mile  north  of  locality  4,  the  Trinidad 
sandstone  seems  to  regain  its  normal  thick- 
ness and  the  Vermejo  beds  again  appear  above 
it.  About  one-fourth  mile  farther  north,  in  the 
point  of  the  mesa  just  south  of  Cottonwood 
Creek,  a  short  section  wus  measured  (locaUty 
48).  The  top  of  the  Trinidad  is  exposed  here, 
and  a  few  feet  of  carbonaceous  shale  occurs 
between  it  and  the  basal  conglomerate  of  the 
Raton  formation,  but  i;io  coal  was  found  and 
the  conglomerate  rests  unconformably  on  the 
shale.     The  section  follows: 

Section  of  rocks  measured  at  locality  4S  in  Cottonwood  Can- 

yony  N.  Mex. 

[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Feet. 

Igneous  rock  (diabase) 30 

Igneous  rook  (basalt) 20 

Shale,  not  well  exposed 40 

Shale,  carbonaceous,  with  thin  beds  of  coal 4 

Shale,  partly  covered 20 

Sandstone,  cliff  making,  conglomeratic  at  base. . .  15 


129 
Uncon  f ormity .  === 

Vermejo  formation: 

Shale,  carbonaceous. 20 

Sandstone,  rusty . .'. 3 

Shale,  carbonaceous 2 

25 
Trinidad  sandstone •. 154 


In  Cottonwood  Canyon  west  of  locality  48 
the  rocks  of  the  Vermejo  were  seen  in  many 
places,  but  did  not  everywhere  contain  coal. 
A  bed  2  feet  thick  overlain  by  20  feet  of  con- 
glomeratic sandstone  was  fomid  near  the  forks 
of  Cottonwood  Creek.  Half  a  mile  farther  west, 
in  the  north  fork  of  the  canyon,  coke  and 
graphite  residting  from  the  metamorphism  of 
the  coal  were  found  beneath  15  feet  of  con- 
glomerate. Over  a  large  area  adjoining  Cotton- 
wood Canyon  the  main  coal  was  transformed  to 
graphite  by  intrusions  of  igneous  rock.  Half  a 
mile  farther  upstream,  or  a  mile  west  of  the 
forks  of  the  canyon,  the  writer's  assistant  (Mr. 
C.  S.  Blair)  found  an  exposure  of  the  rocks  in 
which  the  basal  conglomerate  of  the  Raton 
formation  hes  across  the  eroded  edges  of  the 
Vermejo  beds.  (See  fig.  8.)  At  one  end  of  the 
exposure  the  conglomerate  lies  on  the  sand- 
stone, which  is  shown  to  [)elong  to  the  Trinidad 
by  the  presence   of   the   characteristic  fossil 


■  <y^. 
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FfouRE  8.— Sketch  showing  unconformity  at  the  base  of  the  Raton 
formation  in  Cottonwood  Canyon,  X.  Mex.  a,  Basal  conglomerate  of 
Raton  formation;  b,  Vermejo  formation,  including  a  coal  bed  (black); 
c,  Trinidad  sandstone. 

fucoid  Halymenites  major  Lesquereux.  The 
conglomerate  about  20  feet  thick  lies  nearly 
horizontal,  but  the  imderl^ang  beds  dip  3^  W. 
The  principal  coal  bed  of  the  Vermejo,  which 
is  here  28  feet  above  the  top  of  the  Trinidad 
sandstone,  together  with  a  considerable  thick- 
ness of  the  Vermejo  overlying  the  coal,  was 
eroded  and  the  conglomerate  deposited  across 
the  truncated  beds.  The  occurrence  of  the 
coal  28  feet  above  the  Trinidad  here  explains 
its  absence  from  section  48,  in  wliich  the  base 
of  the  conglomerate  is  only  25  feet  above  this 
sandstone. 

LOCALITY  49. 

A  short  section  was  measured  in  the  north 
wall  of  Cottonwood  Canyon  at  locality  49  about 
tliree-fourths  of  a  mile  northwest  of  locality  48. 
The  Trinidad  sandstone  is  exposed  here  and 
the  rocks  of  the  Vermejo  were  recognized, 
although  the  coal  onc^  contained  in  them  has 
been  changed  to  graphite  by  the  intrusion  of 
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igneous  rock.  A  massive  sandstone  20  feet 
thick  probably  constitutes  the  base  of  the 
Raton  formation,  but  no  pebbles  were  noted  in 
it.  This  section  and  several  others  in  the  same 
general  region  were  examined  before  the  full 
significance  of  the  structural  relations  of  the 
formations  to  each  other  was  known,  and  in  the 
absence  of  a  well-developed  conglomerate  the 
correlation  of  this  section  with  others  (see 
PI.  V)  is  open  to  question.  The  section  is  as 
follows: 

Section  of  rocks  measured  at  locality  49  in  north  wall  near  the 
-    mouth  of  Cottonwood  Canyon,  N.  Mex. 

[For  graphic  section  see  PI.  V,  p.  m].] 

Raton  fonnation:  Feet. 

Sandstone,  cliff  making 25 

Shale,  carbonaceous,  with  thin  bods  of  friable 

sandstone 55 

Sandstone,  hard,  cliff  making 20 


100 


Probable  unconformity. 

Vermejo  formation: 

Shale 30 

Igneous  rock,  containing  masses  of  graphite 2 

Shale,  black,  carbonaceous 2 

Shale 6 

Trinidad  sandstone.  

40 
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Vermejo  formation: 

Igneous  rock 

Shale 

Igneous  rock 

Shale,  carbonaceous. 

Trinidad  sandstone: 

Sandstone 

Igneous  rock 

Sandstone. 


In  Cottonwood  Canyon  west  of  this  locality 
the  bed  of  graphite  was  opened  several  years 
ago.  A  brief  accoimt  of  it  has  been  published 
by  the  present  writer.^*" 

SnOARLOAF  MOUNTAIN. 

LOCAUTT  60.  i 

In  a  section  at  locality  50,  about  one-half  ^ 
mile  northeast  of  locality  49,  a  conglomerate 
was  found  in  its  normal  relation  to  the  other  ; 
stratified  rocks  and,  together  with  the  Trinidad  ! 
sandstone,    renders    the    correlation    of    this 
section  with  neighboring  ones  relatively  certain. 
The  section  follows: 

Se^ion  qfrodts  measured  at  locality  50,  Sugarlfxif  Mountain,  i 
IFcr  graphic  section  see  PI.  V,  p.  .W.]  '  ' 

Raton  formation:  Feet.  ' 

Shale  and  igneous  rock 40 

Shale,  baked 20 

Ig;neouBrock 20 

Shale,  carbonaceous  in  placet* (K) 

Sandstone,   cliff  making,   conglomeratic  ut   the 

base 20 

Cnconfonnity.  

IGO 


For  a  distance  of  nearly  4  miles  norths 
of  locality  60  the  rocks  are  not  well  expos 
Several  small  outcrops  were  found  where 
trusive  sheets  of  igneous  rock  had  changed 
coal  to  coke  and  graphite.  However,  in  C 
Canyon  the  metamorphosing  forces  seem 
have  been  less  intense  and  coal  is  found  th 
in  normal  condition. 

An  attempt  was  made  to  trace  the  line 
unconformity  between  the  Vermejo  and  Ra 
formations  in  Red  River  canyon  above 
mouth  of  Coal  Canyon,  but  the  sediment; 
beds  have  been  so  much  disturbed  in  places 
the  intrusion  of  igneous  rock  that  the  atten 
was  not  wholly  successful.  In  several  pla 
unconformable  relations  were  noted,  but  in 
absence  of  a  well-developed  conglomerate 
the  beds  immediately  above  the  unconformi 
it  was  not  satisfactorily  demonstrated  t! 
these  are  parts  of  the  general  unconformity 
tween  the  Vermejo  and  the  Raton  formatio 
They  may  be  local  unconformities  such  as 
found  in  many  places  within  the  Raton  f 
mation.  -^Vn  exposure  on  the  north  bank 
Canadian  River  near  the  mouth  of  Pot; 
Canyon  shows  an  unconformity  very  near 
where  one  shoidd  occur  at  the  base  of  the  Ral 
formation,  but  the  line  can  not  bo  traced  c< 
tinuously  and  there  is  doubt  as  to  the  ex 
horizon. 

Many  remarkably  perfect  impressions 
palm  leaves  oc<5ur  in  Canadian  Canyon.  Sah 
leei  Knowlton  was  collected  near  the  mouth 
Jones  Canyon  (U.  S.  Geol.  Siu*voy  fossil  local 
5235),  and  Magnolia  magnifolia  Knowlt 
Platanns  aceroides  Goppert,  and  Rhamnus  i 
bumi  Knowlton  were  collected  in  the  m; 
canyon  about  a  mile  farther  downstream  (U. 
Gool.  Survey  fossil  locality  5291).  The  pa 
leaves  wore  too  large  to  collect  in  toto.  On  i 
face  of  one  block  that  had  fallen  from  the  c 
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were  observed  sevefaK  t^ayea,   the  largest  of  in    which    they   occur   along   the   outcrop   in 

which  13  57  indies' ipdfc.'-  A  very  perfect  speci-  Plate  V  (p.  56).     The  numerals  above  corre- 

men  of  Anemia -liesperia  Knowlton  (6533)  was  spond  to  the  location  numbers  on  the  map, 

found  h'ure  kt'ei'.  (See  PI.  I,  in  pocket.)     It  is  probable  that 

.  ki.^-wAi.1.  OF  CANADiAK  CAifTON  TO  \"  information  n.-cessarj"  for  the  purposes  of 

"  ,  _•-•                     OARDINER.  this  paper  is  given  suincientiy  definite  on  this 

■.'•'•'                            LocALiTTM.  plate  of  sections,  and  written  descriptions  of 

In  tho  north  waU  of  Caoadi.!,  Canyon  the  "5"'  °' ','■»  i-xH"'}™!  ""i"™  ""iU  !>•  "■°i'««l- 

basal  conglomerate  ol  the  Raton  formation  was  They  «nU  be  descnbed  m  groups. 

i»cogn[»,l  in  sereral  plaees.  where  it  he*  un-  ^he  top  of  the  Pierre  shale  ,s  contmnoualy 

conformably  on  the  Vermejo.     At  locality  51  "'P"*^  "f'  fi«"l">".  j""  'he  sections  were 

it  is  conspicnously  exposed  above  a  thick  bed  ""!  "te-iwl  downward  to  mclude  it     The 

of  yellow  sand  similar  to  that  described  north  ^™"^»''  »""<1"<""  "  «1«>  P"=<«"  ■»  =h«"e- 

of  Red  River  Peak  Oocality  47)  as  belonging  «e™to  'levelopment,  fomung  a  conspicuous 

probably  to  the  Raton  f,.rmation.    The  char-  •''■te  *lf  in  the  sule  of  the  mesa     The  \er- 

acteristic  rocks  of  the  Vermejo  formation  are  """"  '»""•»'»"  ""f?"  "<  thickness  from  .bout 

below  this  bed  of  sand.     Where  the  foUowing  ^  *»  f*  f"*^'  ""'  ,  ■"'""',''"  °°',  '»  '•""  '^ 

section  was  measured  igneous  rock  has  been  °'  '<"'■  which  eoUoctively  are  knowj.  ^  the 

intruded  into  the  coal  bed  and  ha,  changed  it  ?"""  "»'■.    The  basal  sandstone  of  the  Raton 

to  coke  and  graphite.  formation   is   variable   m   character,   and   the 

bc<ls  above  it  consist  of  a  lower  shaly  group, 

Sectiono/rotksmeasurtdatloealituSljCtmadianCansfm.  jn  which  the  Sugarite  coal  bed  of  the  Raton 

(FDrgrBi>iiics«iiDn»itpi.v,p.fia.]  region  occurs,  and  of  an  upper  group  of  cliff- 

Raion  fonnatioD :                                                vtn.  making  sandstones,  which   are   the  same  as 

SaDdatoDe,  hard,  quartzose,  coarae  grained,  con-  the  sandstones  previously  described  in  several 

glomcratic 20  places  as  forming  the  top  of  the  mesa. 

Band.Me,  y.li.w,  e<«.e  graiart,  friable,  ,<«,1,  j^    sandstone  at  the  base  of  the  Rattin  for- 

coDsoUdaled 15  ,       ,                ^        ,-       n-              ,  ^         . 

mation  between  Canadian  Kiver  and  Sugante 

Unconfonnity.                                                           35  Canyon  east  of  Raton  is  inconspicuous  and  is 

Vermejo  formaMoD:  conglomeratic  in  only  a  few  places,  but  in  most 

Shale,  carboQBceoue,  containing  coal,  coke,  graph-  '  >            ■     ■     i        i         "i            i                i                   ■ 

ite,  and  aheett  Of  mtruaive  igneous  rack 20  places  it  13  harder  than  the  sandstones  above 

Trinidad  sandstone.                                                      and  below  it  and  is  more  or  less  quartzose.     It 

^  consists  of  a  yellowish-brown  matrix  of  coarse 

sand,  in  which  arc  lenses  and  irregular  masses 

East  of  locality  51,  in  Canadian  Canyon,  and  of  clean  white  sand,  usually  somewhat  harder 

thence  northeastward  beyond  Raton  the  base  than  the  matrix.     This  character  was  noted  at 

of  the  Raton  formation  is  only  slightly  con-  no  other  horizon  and  was  helpful  in  tracing  the 

glomeratic  and  is  not  easily  followed  until  its  sandstone.     From  locality  51,  whore  the  basal 

variations    are    intimately    known.     There    is  sandstone  of  the  Raton  is  conglomeratic,  this 

no  question  of  its  identity  at  locality  51 ,  and  sandstone  was  traced  east  and  north  along  the 

its    conglomeratic    character    east    of    Raton  outcrop  continuously,  except  for  short  intervals 

makes  its  recognition  easy  there,  but  between  where  it  was  coveretl  with  brush.     At  locality 

these  extremities  special  care  was  necessary.  52  the  sedimentary  rocks  are  considerably  dis- 

In  onler  that  no  mistake  might  be  made  in  turbedby  intrusions  of  igneous  rock.     Atlocal- 

ita  identity  it  was  traced  step  by  step  through  ity  63  they  are  less  disturbed,  and  a  section  was 

this  part  of  the  field,  and  sections  were  meaa-  measured  which  may  be  given  in  detail;     No 

urcd  at  short  intervals  along  the  outcrop  from  pebbles  were  found  in  the  basal  sandstone  in 

the  Trinidad  sandstone  up  to  it.     The  greater  this  section,  and  without  careful  tracing  its 

number  of  these  sections  have  been  plotted  identitymighteasily  have  been  mistaken.     The 

to  the  same  scale  and  arranged  in  the  order  section  follows: 


LOCAL  FEATUBES  IN  DETAIL. 


1 


SetAim  of  roeki  meamred  at  locality  5Sf  north  of  Canadian 

River. 


[For  graphic  section  see  ri.  V,  p.  56.] 

Raton  fonnation: 

Sandstone 

Shale 

Sandstone,  cliff  making 

Shale,  with  thin  beds  of  sandstone 

Sandstone,  cliff  making 

Shale,  not  continuously  exposed 

Sandstone,  cliff  making 

Igneous  rock 

Shale 

Shale,  black,  carbonaceous,  with  thin  !)cds 

of  cool 

Shale,  with  thin  beds  of  sandstone 

Sandstone 

Probable  unconformity. 
Yermejo  formation: 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

aiale 


Ft.     in. 
30      0 


30 
20 
50 
30 
50 
30 
3 
35 


0 
0 
0 
0 
0 
0 
0 
0 


3  0 

80  0 

10  0 

371  0 


8 
3 
2 
1 
2 


0 
6 
0 
0 
0 
6 
0 


Trinidad  sandstone: 

Sandstone,  rusty  layer  at  top. 
Pierre  shale: 

Transitional  zone. 

Shale. 


20      0 
100-f 


491-1- 


About  1  mile  farther  east,  at  locality  54,  the 
same  formations  ^ere  measured,  but  at  this 
locality  the  coal-bearing  shales  above  the  basal 
sandstone  of  the  Raton  formation  are  more  per- 
fectly exposed,  and  for  the  sake  of  the  detail 
in  this  .part  of  the  section  the  description  is 
included,  as  follows: 

Seetian  of  rocks  measured  at  locality  54  ^  near  Gardiner  ^  N.  Mex, 
[For  graplilc  section  see  V\.  V,  p.  56.] 

Raton  formation:  Ft.  in. 

Sandstone 20  0 

Coal 1  0 

Sandstone 20  0 

Coal 6 

Shale -. 10  0 

Coal  (Sugarite  bed?) 3  0 

Shale 40  0 

Igneous  rock 8  0 

Coal 1  0 

Shale : 15  0 


Sandstone 10     0 


Vermejo  formation:  Ft. 

Coal 

Shale. 

Coal 

Shale 1 

Coal 3 

Sandstone,  white,  friable 15 

Coal 3 

Shale,  sandy 20 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


45 

100: 


273: 


Probable  unconformity. 


128      6 


At  localities  55  and  56  quartz  and  chert  p 
bios  up  to  half  an  inch  in  diameter  were  f  oi 
in  the  basal  sandstone,  but  west  of  locaUty 
the  rocks  are  covered  with  brush  at  the  outc] 
and  this  sandstone  was  not  traced  conti: 
ously.  However,  it  was  identified  with< 
difficulty  in  the  north  wall  of  Gardiner  Cany 
where  it  is  locally  conglomeratic  and  rests  i 
conformably  on  the  Vermejo,  which  here  c 
tains  two  thick  beds  of  coal.  Four  short  s 
tions  were  measured  northof  Gardiner,  and 
all  of  them  the  conglomerate  rests  with  une^ 
base  on  the  Vermejo  formation. 

DILLON  CANTON  ABEA. 
QENBRAIi  FEATURES. 

In  Dillon  Canyon  north  of  Gardiner  the  c 
of  the  Vermejo  formation  (the  Raton  coal)  ! 
been  extensively  mined  and  many  diamo: 
drill  prospects  have  been  put  down  at  cons 
erable  distances  back  from  the  outcrop, 
inspection  of  the  records  of  the  mines  and 
the  drill  holes,  it  appears  that  in  tliis  area  th 
are  one  to  four  beds  of  coal  in  the  Verm 
formation,  and  they  come  and  go  in  a  man 
that  has  proved  difficult  of  explanation.  Mi 
more  detailed  examination  is  necessary  bef 
all  of  the  anomalies,  even  in  so  restricted  i 
well  developed  an  area  as  the  DiUon  Can^ 
tract,  can  be  satisfactorily  explained,  but 
investigations  described  in  this  paper  h 
proved  that  the  absence  of  some  of  the  c 
beds 'in  certain  places  is  due  to  their  remo 
by  erosion  previous  to  the  deposition  of 
younger  sediments. 

The  rocks  of  the  Raton  formation  are  ^ 
exposed  in  Seeley  Canyon,  and  a  section 
them  was  measured  for  the  purpose  especii 
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of  comparison  with  the  sections  farther  to  the 
east  which  show  the  stratigraphic  position  of 
the  higher  coal  beds.  The  Seeley  Canyon  sec- 
tion was  measured  before  the  nature  of  the 
basal  sandstone  of  the  Raton  formation  was 
known,  and  the  base  can  not  now  be  definitely 
located  in  the  section.  For  this  reason  the 
section  is  not  included  in  Plate  V  (p.  56),  where 
the  attempt  has  been  made  to  show  the  rela- 
tions of  the  Raton  and  Vennejo  formations 
with  all  possible  exactness.  It  has,  however, 
been  included  in  Plate  X  (p.  108),  where  the 
correlation  of  the  higher  beds  is  emphasized. 

A  bed  of  impure  coal,  probably  to  be  cor- 
related with  the  Sugarite  bed,  was  found  in 
Seeley  Canyon  78  feet  above  the  Raton  coal. 
Near  the  top  of  the  section,  above  the  cliflf- 
making  sandstones,  coal  was  found  which  evi- 
dently represents  the  bed  opened  at  Brilliant, 
a  mining  town  in  DiUon  Canyon  about  4  miles 
northwest  of  Blossburg.  It  is  not  important 
for  the  purpose  of  this  paper  to  describe  this 
higher  coal  bed  in  detail,  and  it  is  mentioned 
only  for  correlation  (see  PI.  X,  p.  108)  with  sec- 
tions measured  farther  east,  in  which  a  bed  of 
coal,  known  as  the  Yankee  bed,  occurs  at  essen- 
tially the  same  horizon.  The  section  measured 
in  Seeley  Canyon  follows: 

Section  of  rocks  measured  in  Seeley  Canyon,  near  Blosshurgy 

N.  Mex, 

[For  graphic  section  oee  PI.  X,  p.  108.] 

Feet. 

Sandstones  and  sandy  shales 40 

Shale,  carbonaceous,  with  6  inches  or  more  of  coal 

(Brilliant  bed) 2 

Shale ♦. 10 

Sandstone,  massive,  cliff  making 70 

Shale 20 

Sandstone,  cliff  making ^. 40 

Sandstone,  in  thin  beds  with  shale  partings 45 

Sandstone 20 

Sill  of  igneous  rock  (andesite) 6 

Covered 95 

Sandstone 15 

Shale,  not  well  exposed 55 

Coal,  impure  (Sugarite  bed) 3 

Shale,  ^nth  thin  beds  of  sandstone 40. 

Sill  of  igneous  rock 2 

Shale  and  sandstone,  in  alternating  beds '..'  30 

Sandstone 6 

Coal  ( Raton) 6 

Shale ? 

Sandstone  (Trinidad)* 


505 


BLOSSBURQ. 

LOCALrrxxs  %\-m. 

About  a  mile  north  of  Seeley  Canyon,  at 
locality  61,  the  basal  sandstone  of  the  Raton 
formation  is  well  developed  and  forms  a  cliff. 
It  is  about  10  feet  thick  and  consists  of  hard 
sandstone  in  which  are  small  pockets  of  pebbles. 
It  rests  imconformably  on  the  sandy  shale  of 
the  Vennejo  formation,  which  is  here  only  32 
feet  thick  and  contains  one  bed  of  coal.  The 
cliff  formed  by  the  conglomeratic  sandstone  is 
easily  recognized  in  the  eastern  wall  of  DiQon 
Canyon  opposite  locaUty  Gl. 

The  basal  sandstone  is  readily  traceable 
northward  from  locality  61  to  near  the  mouth 
of  Coal  Canyon,  where  it  disappears  beneath 
the  surface,  and  thence  southward  in  the  east 
wall  of  Dillon  Canyon.  Several  collections  of 
fossils  were  made  in  this  vicinity.  Sabalt  urtr 
geri  (Lesquereux)  Knowlton  was  found  (U.  S. 
Geol.  Survey  fossil  locality  5150)  half  a  mile 
southwest  of  the  mouth  of  Coal  Canyon,  300 
feet  above  the  base  of  the  Raton  formation  ; 
and  100  feet  higher  (U.  S.  Geol.  Survey  fossil 
locality  5147)  Sabalites  grayanus  (Lesquereux) 
Lesquereux,  Jttglans  schimperi  Lesquereux^  and 
Ficus  occidentalis  Lesquereux  were  foimd.  At 
the  latter  horizon,  about  one-half  mile  farther 
west  (U.  S.  Geol.  Surveyfossil  locality 56il0)  were 
found  a  few  poorly  preserved  sheUs  of  fresh- 
water species,  which  were  identified  as  Unio  sp. 
(fragmentary  casts),  Viviparus  sp.,  and  Cam- 
pdomaf  sp.  In  the  north  wall  of  the  canyon 
opposite  these  localities  and  150  feet  above  the 
base  of  the  Raton  formation  (U.  S.  Geol.  Sur- 
vey fossil  locality  5148)  Sabalt  ungeri  (Lesque- 
reux) Knowlton  and  Palmocarpon  palmarum 
(Lesquereux)  Knowlton  were  found  in  place; 
and  Magnolia  magnifolia  Knowlton  and  Zvsy- 
phus  fihriUosus  (Lesquereux)  Lesquereux  were 
collected  from  slide  rock  (t".  S.  Geol.  Survey 
fossil  locality  5149).  Farther  to  the  north- 
west, half  a  mile  north  of  Brilliant  (X!,  S.  Geol. 
Survey  fossil  locality  5154),  Magnolia  angustir- 
folia  Newberry,  Magnolia  magnifolia  Knowl- 
ton, and  Carpiies  coffea^formis  Lesquereux  were 
collected  in  a  small  tributary  canyon  near  the 
top  of  the  Raton  formation.  At  about  the 
same  horizon,  near  the  south  end  of  the  rail- 
way timnel,  the  following  plants  were  collected: 
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FouU  pkmU  collected  at  the  touth  end  of  the  Raton  tunnel, 
near  the  top  of  the  Raton  formation. 

[IT.  S.  Oeol.  Survey  fossO  localities  51M,  5155,  and  5i64.] 
Euonymus  splendens  Berry. 
Ficus  richardaoni  Knowlton. 
Ficiis  harrisiana  Hollick. 
Sabalites  grayanus  Lesquereux. 
Jiiglans  schimperi  Lcsquereux. 
Magnolia  angustifolia  Newberry. 
Magnolia  magnifolia  Knowlton. 
Platanus  aceroides  Gdppcrt. 
Platanus  aceroides  latifolia  Knowlton. 
Platanufl  guillelmae  Gdppert. 
Rhanmus  clebumi  Lesquereux. 
Sabal?  ungeri  (Lesquereux)  Knowlton. 

A  section  of  the  rocks  was  measured  at  local- 
ity 62  in  the  east  wall  of  Dillon  Canyon  south  of 
the  mouth  of  Coxe  Canyon,  1  ^  miles  southeast 
of  locality  61  and  1  mile  northeast  of  the  sec- 
tion in  Seeley  Canyon.  The  Trinidad  here 
consists  of  two  thick  sandstones  separated  by 
shale  in  which  thin  beds  of  coal  occur.  The 
Vermejo  formation  Ls  about  41  feet  thick  and 
contains  three  beds  of  coal.  The  base  of  the 
Raton  formation  is  slightly  conglomeratic  and 
a  coal  bed  was  found  above  this  conglomerate 
at  the  horizon  of  the  Sugarite  coal.  The  sec- 
tion is  as  follows: 

Section  of  rocks  measured  at  locality  62,  Dillon  Canyon,  east 

of  Blossburg,  N.  Mex. 
[For  graphic  section  see  PI.  V,  p.  56.] 

Raton  formation:  Ft.  in. 

Sandstone,  cliff  making 20  0 

Covered 20  0 

Shale,  carbonaceous,  with  thin  beds  of  coal ...  5  0 

Shale 1.5  0 

Coal 1  0 

Shale 15  0 

Coal,  with  partings  of  shale  (Sugarite  bed).  2  6 

Shale,  sandy 10  0 

Coal 6 

Shale,  not  well  exposed 65  0 

Sandstone,  locally  conglomeratic 10  0 
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Unconformity. 
Vermejo  formation: 

Covered 8  0 

Coal 5  6 

Shale : 8  0 

Coal 2  0 

Shale,  drab 16  0 

Sandstone 1  0 


Coal. 


11    ! 


Trinidad  sandstone: 

Sandstone 

Shale,  carbonaceous,  with  thin  bedn  of  coal . 
Sandstone 


41 

5 

40 

0 

10 

0' 

50 -h 

1 

1004- 

*>t\ti  1 

-  1 

Four  short  sections  and  one  longer  one  v 
measured  south  and  east  of  Coxe  Canyon.  ( 
sections  63  to  67,  PI.  V,  p.  66.)  In  all  tl 
sections  the  basal  sandstone  of  the  Raton 
mation  is  slightly  conglomeratic  and  rests  \ 
uneven  base  on  the  weaker  rocks  of  the  "^ 
mejo.  In  section  67  two  coal  beds  which  oi 
at  about  the  horizon  of  the  Sugarite  coal 
probably  to  be  correlated  with  the  two  o 
near  the  top  of  section  02. 

BATON  ABEA. 

RATON. 

LOCALITY  tt. 

The  rocks  are  well  exposed  in  the  point  of 
mesa  southwest  of  Raton  at  locality  68.  ' 
Trinidad  sandstone  is  typically  developed  1 
and  is  separated  into  two  parts  of  nearly  cc 
thickness  by  a  layer  of  fissile  sandstone  wl 
contains  fossil  plants  of  netted-vein  type, 
follows: 

Fossil  plants  collected  from  the  Trinidad  sandstone. 

[V.8.  Oeol.  Survey  fcesU  locality  6145.) 

Phasiolites  minutus  Knowlton. 
Phyllites  ratonensis  Knowlton. 
Populus?  neomexicana  Knowlton. 
Viburnum  crassum  Knowlton. 
VitiB?  fragmenta  Knowlton. 

The  Trinidad  also  contains  Hal^fm^n 
major  Lesquereux  and  Inoceramus  barai 
Morton  at  essentially  the  same  horizon  (U 
Geol.  Survey  fossil  locality  5599). 

The  coal  of  the  Vermejo  has  been  prospec 
at  this  locality,  and  three  beds  have  b 
opened.  The  basal  sandstone  oi  the  Ratoi 
slightly  conglomeratic  and  rests  with  une 
ba.se  on  sandy  shale.  The  horizon  of  the 
garite  coal  bed  is  marked  by  red  rocks,  pr 
ably  oxidized  by  the  burning  of  the  coal.  ' 
following  section  was  measured  at  this  po: 

Section  of  rocks  tneasurei  at  locality  6S,  1  mile  soiUhwa 

Raton,  N.  Mex. 

[For  graphic  sections  see  PI.  V ,  p.  56.] 

Raton  formation:  Ft. 
Sandstone,  brown,  and  shale,  in  alternating 

layers 25 

Sandstone,  cliff  making,  base  irregular 32 

Sandstone  and  shale,  not  well  exposed 27 

Coal,  burned  at  outcrop ? 

Shale 15 

Sandstone,  massive,  with  contorted  laminae . .  12 

Shale 26 

Sandstone 4 

Shale IS 
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Raton  formatioii. — Continued.  Ft.    in. 

Sandstone,  conglomeratic;  pebbles  up  to  a 
quarter  of  an  inch  in  diameter 10      0 

169      0 
Unconformity.  ==^= 

\*ermejo  formation : 

Sandstone  and  shale,  alternating 8      0 

Shale 3      0 

Coal 4      7 

Shale 9      0 

Coal 3      8 

Shale 6 

Sandstone,  massive,  friable,  yellowish  white..  4   ^6 

Shale 4 

Coal * 5 

Shale 2      4 

Trinidad  sandstone:  36      4 

Sandstone,  contains  Halymenites  major  Les- 
quereux  at  many  horizons;  also  marine 
shells  (5599)  and  netted  veined  leaves  near 

the  middle  (5145) 100± 

Pierre  shale: 

Transitional  zone. 
Shale. 

305  ± 
LOCAUTIBS  fl»-74. 

Near  Raton,  north  of  locality  58,  the  upper 
part  of  the  Pierre  shale  is  well  exposed  and  the 
Trinidad  sandstone  above  it  forms  a  conspicu- 
ous cliflF.  (SeePl.XI,^,p.  110.)  Invertebrates 
were  found  in  the  Pierre  in  limestone  concre- 
tions at  the  base  of  Goat  Hill,  50  feet  below  the 
top  of  the  shale,  as  follows: 

Invertebrates  collected  from  the  upper  part  of  the  Pierre  ^uile 

at  Raton,  N.  Mex. 

[U.  8.  Geol.  Survey  fossil  locaUtles  5508  and  8355.) 

Ostrea  pellucida  Meek  and  Hayden. 

Syncyclonema  rigida  (Hall  and  Meek)? 

Inoceramus  barabini  Morton. 

Inoceramus  sagensia  Owen. 

Baculites  ovatUB  Say. 

Crenella  sp. 

Pinna  sp. 

Leda  (Yoldia)  scitula  Meek  and  Hayden? 

Leda  sp. 

Scaphitee  nodosus. 

Nucula  planimarginata  Meek  and  Hayden? 

Dentalium  sp. 

Undetermined  gastropod. 

Another  collection  was  made  at  the  brick- 
yard in  Raton  at  a  horizon  50  to  100  feet 
lower. 

Pierre  invertebrates  collected  at  the  brickyard  in  Raton 
[U.  8.  Oeol.  Survey  fossil  locality  8356.) 

Ostrea  pellucida  Meek  and  Hayden? 
Syncyclonema  rigida  (Hall  and  Meek)? 
Avicula  linguiformis  Evans  and  Shumard. 
Inoceramus  sagensis  Owen. 
Crenella  sp. 


Leda  (Yoldia)  scitula  Meek  and  Hayden? 

Lucina  sp. 

Cardium  sp. 

Margarita  nobrascensis  Meek  and  Hayden? 

Nautilus  dekayi  Morton. 

Baculites  compressus  Say. 

Scaphitee  nodosus  Owen. 

Ptychoceras  sp. 

The  Vermejo  formation  is  thin  but  contains 
the  main  coal  bed  of  the  Raton  field.  The 
basal  sandstone  of  the  Raton  formation  was 
traced  continuously  in  the  side  of  the  mesa 
and  short  sections  were  measured  at  locali- 
ties 69  to  74,  inclusive.  (See  PI.  V,  p.  56.) 
The  sandstone  at  each  locality  contains  a  few 
small  pebbles,  and  its  base  is  usually  uneven, 
as  if  it  had  been  deposited  on  an  eroded  sur- 
face. At  locality  70  a  coal  bed,  probably  t« 
be  correlated  with  the  Sugarite  coal,  occurs 
102  feet  above  the  base  of  the  conglomeratic 
sandstone. 

LOCALITY  75. 

One  of  the  most  complete  sections  in  the 
Raton  field  w;as  measured  near  the  point  of 
Bartlett  Mesa  north  of  Raton,  at  locality  75, 
where  the  side  of  the  mesa  is  very  steep  and 
the  rocks  well  exposed.  The  capping  of 
basalt  has  protected  from  erosion  the  higher 
rocks  of  the  Raton  formation,  which  had  all 
been  eroded  away  at  the  localities  previously 
described.  However,  even  at  this  locality 
the  yoimgest  rocks  of  the  Raton  formation 
are  not  present,  having  been  eroded  away  pre- 
vious to  the  outpouring  of  the  basalt  upon 
them.     The  section  follows: 

Section^of  rocks  m£asured  near  locality  75,  north  of  Raton^ 

N.  Mex. 
[Far  graphic  sections  see  Pis.  V,  p.  66,  and  X,  p.  lOS.] 

Ft.  in. 
Basalt 100-f- 

Raton  formation: 

Covered 50  0 

Shale  and  sandstone  in  alternating  layers, 

fossiliferous  (5152) 50  0 

Coal 1  0 

Shale 4  0 

Sandstone,  massive,  cliff  making 35  0 

Shale 30  0 

Coal 6 

Shale 30  0 

Coal 2  4 

Shale. 4  0 

Sandstone,  cli£f  making 30  0 

Shale 90  0 

Sandstone,  cliff  making 30  0 

Shale 10  0 

Coal 4  10 
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Raton  formation — Continued.  Ft.  in. 

Shale 39  0 

Shale,  carbonaceous,  with  thin  beds  of  coal . .  3  0' 

Sandstone  and  shale 20  0 

Coal 1  0 

Sandstone  and  shale  in  alternating  layers. . .  60  0 

Coal: 1  8 

Shale 1  4 

Coal 1  0 

Shale 1  0 

Coal,  with  shale  partings 1  4 

Shale 35  0 

Sandstone,  massive,  cliff  making 30  0 

Shale,  carbonaceous 20  0 

Coal 1  4 

Shale 6 

Coal 1  6 

Shale 1  0 

Coal,  with  shale  partings 2  0 

Shale 35  0 

Sandstone,  dif!  making 30  0 

Sandstone  and  shale  in  alternating  layers. .  60  0 

Shale,  carbonaceous,  with  thin  beds  of  coal.  2  0 

Shale 29  0 

Coal 1  8 

Shale 20  0 

Sandstone,  cliff  making 20  0 

Shale 25  0 

Sandstone 12  0 

Sandstone  and  shale  in  alternating  layers 45  0 

Sandstone,  massive,  cliff  making 75  0 

Shales  and  sandstones  in  alternating  layers.  40  0 

Sandstone 20  0 

Shale 20  0 

Coal 1  0 

Shale,  carbonaceous 20  0 

Coal  (Sugarite  bed) 1  8 

Shale 15  0 

Coal 10 

Shale 29  0 

Shale,  blagk,  carbonaceous,  with  thin  beds 

of  coal  near  the  base 5  0 

Shale 10  0 

Sandstone 10  0 

Shale 21  0 

Sandstone,  locally  conglomeratic 4  0 

1,144  6 
Unconfonnity.                                                       ^ssaaaa^ 

Yermejo  formation: 

Shale  and  friable  sandstone 15  0 

Coal 5 

Shale 1  10 

Coal 4  7 

Shale 11  0 

Trinidad  sandstone:  32  10 
Sandstone  containing  fossil  plants  near  the 

middle 100  ± 

shale: 
TranaitioDal  zone. 
Shale. 

1,377± 


The  Pierre  shale  is  sparingly  fossiliferoi; 
this  locality,  but  the  shells  are  containe 
concretions   of  brittle   limestone   and   ar< 
poorly  preserved  that  no  collection  of  t 
was  made.    The  Trinidad  sandstone  is  c 
acteristically  developed  and  contains  the  f 
fucoids  usually  found  in  this  formation, 
addition  to  Halymenites  major  Lesquereux 
eral  netted-veined  leaves  were  found  in  a  1 
of  fissile  shaly  sandstone  near  the  middle  o: 
formation,  but  no  specimens  sufficiently 
feet    for    identification    were    obtained. 
Vermejo  formation  is  about  33  feet  thick 
contains  one  thick  bed  of  coal  and  one 
bed.    The  basal  sandstone  of  the  Raton 
mation  is  only  4  feet  thick  but  is  hard 
quartzose,  and  a  few  small  quartz  and  o 
pebbles  were  found  in  it.     It  rests  with  uni 
base  on  weaker  rocks.     (See  Pis.  V,  p.  56, 
X,  p.  108.) 

Above  the  basal  sandstone  the  rocks 
principally  shaly  for  about  125  feet,  an< 
this  shale  occurs  the  Sugarite  and  two  thin 
of  coal.  This  shaly  zone  seems  to  be  the  & 
as  that  first  described  in  Cimarron  Canyo 
locality  10  (p.  72),  nearly  40  miles  southwe 
Raton,  to  which  attention  has  been  callc 
the  descriptions  of  several  intervening  local 
It  is  not  probable  that  the  coals  at  all  of  t 
localities  belong  to  a  single  bed.  Doub 
there  are  several  more  or  less  lenticular  bo 
but  they  he  so  nearly  at  the  same  horizon 
there  is  a  temptation  to  regard  them  as  be] 
ing  to  one  and  the  same  bt^d. 

Above  this  zone  of  coal-bearing  shale  o( 
the  series  of  cliiff-making  sandstones,  the  1 
part  of  which  has  been  described  in  sever 
the  foregoing  sections  as  the  cliff-making  s 
stone  at  the  top  of  the  mesa.  At  most  o 
localities  previously  described  only  the  lo 
member  of  this  series  was  included  in  the 
tions,  the  principal  ones  having  been  er 
away  where  the  sections  were  measured, 
locality  75  the  entire  series  is  included  ai 
400  feet  or  more  in  thickness.  Above 
cliff-making  sandstones  is  another  seric 
coal  beds,  near  the  base  of  which  is  the  Ya 
coal,  and  still  higher  there  are  several  coal 
necessary  to  describe  in  this  paper.  A 
the  highest  bed  of  coal,  at  the  highest  ho 
from  which  fossil  plants  were  collected  ii 
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Raton  coal  field,  were  obtained  the  following 
species: 

Fossil  plants  collected  near  the  top  of  the  Raton  formation  ^  in 
Bartlett  Mesa^  north  of  Raton,  N.  Mex. 

[V.  S.  Geol.  Survey  fossil  locality  No.  5152.] 

Ficus  denveriana  Cockerell. 
Platan UB  rhomboidea  Lesqucreux. 
Vitis  olriki  Heer. 

BARTLETT  MESA. 

LOCAUTISS  76-81. 

Several  short  sections  were  measured  east  of 
locality  75  for  the  specific  purpose  of  showing 
the  relation  of  the  Raton  formation  to  the 
underlying  rocks.  (See  PI.  V,  p.  56.)  The 
coal  of  the  Vermejo  formation  (Raton  bed)  was 
traced  eastward  to  locality  80  but  was  not 
found  east  of  that  locality.  The  basal  sand- 
stone of  the  Raton  formation  is  thin  but  is 
hard  and  quartzose  and  contains  a  few  pebbles. 
But  at  locality  81  this  sandstone  thickens  to 
about  30  feet,  is  coarse  grained  and  massive, 
contains  irregularly  sha]>ed  bodies  of  con- 
glomerate, and  is  separated  from  the  Trinidad 
sandstone  by  a  thin  layer  of  dark  shale.  The 
rocks  above  this  30-foot  sandstone  are  the 
same  as  the  coal-bearing  shale  that  contains 
the  Sugarite  coal  bed  at  locality  75  (p.  106). 

LOCALITT82. 

A  section  comparable  with  that  at  locality 
75  was  measured  in  the  southern  slope  of  Bart- 
lett Mesa,  starting  at  locality  82  and  extending 
to  the  top  of  the  mesa  to  the  east.  The  Pierre 
shale  is  not  exposed  in  the  canyon  at  locality 
82  but  is  included  in  the  section  because  it  was 
penetrated  by  a  well  bored  about  IJ  miles  to 
the  southeast.  The  well  starts  at  a  horizon 
estimated  to  be  300  feet  below  the  base  of  the 
Trinidad  sandstone  and  reaches  a  depth  of 
2,700  feet,  but  does  not  extend  entirely 
through  the  shale.  The  absence  of  limestone 
indicat<?s  either  that  the  limestone  of  the  Nio- 
brara group  to  the  north  supposed  to  exist 
here  was  not  reached  or  that  there  is  no  lime- 
stone in  such  parts  of  the  Niobrara  and  Benton 
formations  as  may  have  been  penetrated. 
The  section  measured  at  this  locality,  including 
the  drill  record,  is  as  follows  : 


Section  of  rocks  measured  near  locality  8t,  northeast  of 

Raton^  N.  Mex. 

[For  graphic  section  see  PI.  X.) 

Ft.  in. 

Basalt 70  0 

Basaltic  breccia 10  0 

so  0 

Raton  formation:  — 

Clay,  baked 6  0 

Sandstone,  massive 30  0 

Covered 15  0 

Basalt  sill  (?),  green,  weathered 40  0 

Sandstone,  cliff  making 30  0 

Shale 4  0 

Basalt  sill 2  0 

Shale 4  0 

Sandstone 20  0 

Shale,  sandy 60  0 

Shale,  not  well  exposed 80  0 

Coal 1  a 

Shale 30  0 

Coal 3  0 

Shale 45  a 

Shale,  carbonaceous 4  0 

Coal 1  6 

Sandstone,  massive,  cliff  making 30  0 

Shale 25  0 

Coal,  with  partings  of  shale 5  0 

Shale  and  sandstone,  alternating  layers 90  0 

Coal 1  0 

Shale  with  thin  beds  of  sandstone 25  0 

Coal  with  partings  of  shale 6  0 

Shale  with  thin  beds  of  sandstone 30  0 

Shale,  carbonaceous 3  0 

Coal 1  0 

Shale,  carbonaceous 25  0 

Coal,  lower  3  feet  clean,  upper  2  feet 

with  partings  of  shale 5  0 

Shale,  carbonaceous 15  O 

Sandstone 10  0 

Not  exposed 60  0 

Shale,  carbonaceous,  with  6  inches  of  coal.  6  0 

Shale 10  0 

Sandstone,  massive,  cliff  making 50  0 

Sandstone,  massive 20  0 

Shales  and  sandstones  intcrbedded *     70  0 

Shale,  carbonaceous  at  the  base 20  0 

Sandstone,  massive,  cliff  making 40  0 

Shale  with  thin  base  of  sandstone 50  0 

Shale,  carbonaceous  at  the  base 10  0 

Sandstone,  massive,  cliff  making 28  O 

Shale  not  well  exposed 15  0- 

Sandstone 6-  0- 

Shale 2  a 

Coal  (Sugarite  bed) 3  0 

Shale,  black,  carbonaceous 15  0 

Coal 1  0 

Sandstone 6  0 

Shales  and  sandstones,  alternating 25  O 
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LOCAL  FEATURES  IN  DETAIL. 


Raton  formation — Continued. 

Shales,  black,  carbonaceous. 

Sandstones  and  shales,  alternating 

Shales,  carbonaceous,  containing  thin  beds 

of  coal 

Sandstone,  conglomeratic 


Ft.  in. 

2  0 

45  0 

15  0 

25  0 


1,170      6 


Unconformity. 
Trinidad  sandstone: 

Sandstone,  white,  massive 100=b 

Pierre  and  older  (?)  shales: 

Transition  zone. 

Shale 3,000+ 


4, 350rb 

No  rocks  that  can  be  referred  to  the  Ver- 
mejo  were  found  at  locality  82.  The  basal 
conglomerate  of  the  Raton  formation  rests 
directly  on  the  Trinidad  sandstone.  The  coal 
beds  and  the  various  groups  of  rocks  described 
in  section  75  were  recognized  in  this  section. 
(See  Pis.  V  and  X.)  The  formations  were 
traced  eastward  from  this  locality  and  exam- 
ined in  detail  in  several  places,  but  no  com- 
plete section  of  them  was  measured  between 
localities  82  and  83,  a  distance  of  about  2^ 
miles.  The  Pierre  shale  and  the  Trinidad 
sandstone  continue  uncliangcd  in  character 
through  this  distance,  but  no  rocks  were  found 
above  the  Trinidad  that  can  be  referred  to  the 
Vermejo  formation.  For  some  distance  east  of 
locality  81  the  basal  conglomerate  of  the  Raton 
formation  can  be  recognized,  but  still  farther 
east  the  base  losas  its  conglomeratic  character. 

The  zone  of  coal-bearing  shale  above  the 
conglomerate  continues  eastward  with  little 
change  in  character.  The  Sugarite  coal  bed, 
which  was  recognized  at  several  places  along 
the  outcrop,  has  been  mined  for  several  years 
at  the  Sugarite  mine,  also  known  as  the  old 
Wagon  mine,  half  a  mile  west  of  locality  83. 
The  same  relations  obtain  here  as  at  locality 
82.  In  the  sections  farther  east  the  main  or 
Sugarite  coal  bed  is  90  to  100  feet  above  the 
base  of  the  Raton  formation,  and  another  tliin 
bed  of  coal  occurs  about  15  feet  below  it. 
Great  numbers  of  fossil  plants  belonging  to 
the  Raton  flora  occur  in  the  roof  shale  of  the 
mine,  palm  leaves  being  especially  abundant 
and  perfect.  Sdbal  inquirenda  Knowlton  and 
Sabalf  ungeri  (Lesquereux)  Knowlton  were 
collected  from  the  roof  of  the  mine  (U.  S. 
Geol.  Survey  fossil  locality  5143)  by  the  writer. 
Acer   JragUia    Knowlton    and     CinTiamonuim 


mugi^sijypi^nsi^f   (Lesquereux)  were  c( 
by  Knowlton  from  the  same  mine. 


SIJOARITB  CANYON. 


LOCALITT  83. 


In  the  southeast  point  of  Bartlett  Me 
the  mouth  of  vSugarite  Creek  the  rocks  < 
ing  from  the  upper  part  of  the  Pierre  s 
the  basalt  cap  of  the  mesa  are  well  e; 
The  following  section  was  n\casured  a 
ity  83,  about  2i  miles  from  locality  8^ 
Pierre  shale  is  exposed  in  barren  slop 
contains  concretions  of  limestone  in  v 
few  poorly  preserved  fossils  were  founc 
transitional  zone  near  the  top  of  the  $ 
not  prominent  at  this  locality,  and  in  r 
ing  the  section  it  was  included  with  the 
The  section  follows: 

Section  of  rocks  measured  at  locality  83^  east  of  Raton 

[For  graphic  section  see  1*1.  X.J 

Basalt 

Sand  and  clay,  unconsolidated 


Raton  formation :  = 

Sandstone,  massive,  yellow,  friable 

Covered 

Sandstone,  gray,  massive 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Sandstone,  gray,  coarse  grained 

Covered 

Coal 

Sandstone 

Coal 

Shale  and  sandstone  in  alternating  layers. . 

Sandstone,  massive 

Shale 

Coal 

Shale,  carbonaceous,  and  sandstone  in  alter- 
nating layers 

Sandstone,  brown 

Shale,  leafv 

Coal 

Shale 

Coal 

Shale,  blue 

Shale,  carbonaceous,  with  thin  beds  of  coal 

Shale  and  sandstone  interbedded 

Sandstone,  massive 
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Raton  formation — Continued.  Ft.  in. 

Shale,  leafy 6 

Coal 6 

Shale 1  0 

Coal 7 

Shale 8 

Coal 2  6 

Sandstone  and  shale  containing  ironstone 

concretions  poorly  exposed 107  0 

Sandstx)ne,  gray,  massive 30  0 

Coal 8 

Shale,  gray • 4  0 

Sandstone,  gray,  cross-bedded,  massive ...  35  0 

Shale,  probably  with  beds  of  sandstone . . .  100  0 

Sandstone 4  0 

•    Not  exposed 40  0 

Shale,  with  thin  beds  of  coal 35  0 

Coal 3  0 

Shale 46  0 

Sandstone 4  0 

Shale,  with  thin  beds  of  coal 25  0 

Coal,  shaly 1  0 
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Unconformity.  = 

Trinidad  sandstone: 

Sandstone,  massive,  white,  containing 
Halymenites  major  Lesquereux.  The 
upper  3  feet  are  rusty  brown  and  nodular; 

contain  fragments  of  bone 

Pierre  shale : 

Transitional  zone. 

Shale 


96      0 


248+ ' 


1,200-h 


The  Trinidad  sandstone  is  96  feet  thick  at 
locality  83  and  does  not  differ  in  any  notable 
way  from  the  Trinidad  at  the  localities  pre- 
viously described  except  that  the  upper  few 
feet  are  wholly  different  from  the  material 
below  and  wholly  different  in  appearance  from 
the  material  at  the  top  of  the  formation  farther 
west,  where  it  is  overlain  by  the  Vermejo.  At 
this  locality  the  top  of  the  sandstone  has  a 
rusty-brown  color,  is  harder  than  the  lower 
parts,  so  that  it  stands  out  in  the  sides  of  the 
mesa  as  a  well-marked  cUff,  and  is  very  irreg- 
ular, suggesting  an  eroded  surface.  The  hard- 
bro^\^l  layer  suggests  exposure  at  the  surface, 
during  wliich  the  sandstone  was  oxidized  and 
^^case'*  hardened.  The  same  character  was 
noted  east  of  this  locality  at  the  several  places 
(see  PI.  X)  where  the  Vermejo  is  not  repre- 
sented and  where  the  Raton  rests  on  the  Trini- 
dad sandstone. 

The  basal  sandstone  of  the  Raton  formation, 
which  is  25  feet  thick  at  locality  82  but  which 
farther  east  thins  out  sharply,  was  not  found 
at  locality  83,  where  25  feet  of  coal-bearing 


shale  (probably  the  same  as  the  16  feet  of  sim- 
ilar shale  above  the  conglomerate  of  section  82) 
rests  directly  on  the  Trinidad.  A  3-foot  bed  of 
coal,  found  about  75  feet  above  the  Trinidad, 
may  be  the  thin  bed  15  feet  below  the  Sugarite 
bed ;  but  the  rocks  are  not  exposed  at  the  hori- 
zon where  the  Sugarite  bed  should  outcrop. 

The  cUff-making  sandstones  above  the  Sugar- 
ite bed  are  prominent,  and  above  them  occur 
several  beds  of  coal,  the  lowest  of  which  is  called 
the  Yankee  coal  bed. 

In  Sugarite  Canyon  the  rocks  are  so  badly 
covered  with  surface  debris  and  dense  growths 
of  underbrush  that  they  could  not  be  satis- 
factorily measured.  Croppings  of  coal  were 
observed  in  many  places,  and  mines  have  been 
developed  in  the  Sugarite  coal  on  either  side 
of  the  canyon,  but  the  beds  could  not  be  fol- 
lowed continuously  except  where  prospect 
openings  have  been  made  in  them.  However, 
some  of  the  rocks  at  locality  84,  at  the  foot  of 
Barilla  Mesa  in  the  east  wall  of  Sugarite  Can- 
yon, about  a  mile  northeast  of  locality  83,  are 
well  exposed,  and  the  two  sections  can  be  corre- 
lated without  reasonable  doubt.  In  the  roof  of 
the  new  Sugarite  mine  opened  in  the  east  wall 
of  Sugarite  Canyon  (6530)  the  writer  foimd 
beautifully  preserved  specimens  of  Magnolia 
magnifolia  Kjiowlton,  ApocynopJiyUuni  wQcox- 
ensis  Berry,  Palmocarpon  pdmarum  (Lesque- 
reux) Knowlton,  and  other  forms  usually  found 
at  much  higher  horizons  in  the  formation 
(6530).  Tlie  Magnolia  is  worthy  of  special 
note,  being  very  abundant  in  the  upper  part  of 
the  Raton  fonnation  but  rare  in  the  lower  part. 

YANKEE  AREA. 
OEXERALi  FEATURES. 

Yankee  is  a  coal-mining  town  situated  in  a 
deep  embayment  between  Barilla  Mesa  and 
Johnson  Mesa.  The  Pierre  shale  and  Trinidad 
sandstone  are  well  exposed,  but  no  rocks  refer- 
able to  the  Vermejo  formation  have  been  found 
except  at  the  one  locality  mentioned  below. 
The  Raton  formation  rests  with  irregular  base 
(see  PL  XI,  B),  quartzose  in  some  places,  on 
the  Trinidad,  with  which  it  forms  cliffs.  About 
a  mile  north  of  Yankee  a  prominent  shelf, 
Bordered  by  cUffs,  consists  of  light-colored  fri- 
able Trinidad  sandstone  capped  by  a  hard, 
yellowish-brown  sandstone  about  10  feet  thick. 
Tlie  two  sandstones  are  separated  by  carbona- 
ceous shale  having  a  maximum  thickness  of  3 
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:.    GOAT    HILL,    AT    RATON,    N,    MEX. 
sttine,  beneath  Lual-bedrinii  Vermeju  formdlio 


B.     CUIFF    IN    NORTH    SLOPE    OF    JOHNSON    MESA    SOUTH    OF    YANKEE,    N.    MEX. 
Showing  basal  sandstone  of  Ralon  formation  restina  u nconfornnably  on  Trinidad  sandstone. 
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absence  of  the  Vermejo  formation  proves.  A 
thin  bed  of  coal  found  about  60  feet  above  the 
base  of  the  coal-bearing  rocks  is  probably  th0 
3-foot  bed  of  coal  near  the  base  of  section  83. 
The  thickness  of  the  Sugarite  coal  bed,  which 
has  been  opened  near  this  locality,  was  meas- 
ured in  the  opening  at  the  old  Hartzell  mine, 
but  the  rocks  between  this  and  the  lower  thin 
bed  may  be  less  than  the  50  feet  indicated  in 
the  section.  The  relations  of  the  two  beds  could 
not  be  satisfactorily  determined  at  the  point 
where  the  measurements  were  made.  The  cliff- 
making  sandstones  are  well  exposed  and  the 
Yankee  coal  bed  was  found  above  them,  but 
few  details  were  obtained  qf  the  higher  beds. 

YANKEE  MIXES. 
OEHERAL  FEATURES. 

East  of  locality  84  the  top  of  the  Pierre  shale 
is  exposed  in  the  valley  near  Yankee.  The 
Trinidad  sandstone  forms  a  cliff  in  several 
places  and  is  easily  recognized,  but  is  not  con- 
tinuously exposed.  The  coal  beds  have  been 
opened  in  several  places  near  Yankee,  and  al- 
though their  outcrops  can  not  be  followed  con- 
tinuously there  is  little  doubt  of  the  identity  of 
the  beds  in  the  lower  part  of  the  sections.  The 
Raton  coal,  whitfh  is  the  one  commonly  known 
as  the  *^ main  coal*'  west  of  Raton,  does  not  ex- 
ist in  the  Yankee  district  and  there  are  no 
rocks  that  can  be  referred  to  the  Vermejo  for- 
mation. The  Sugarite  coal  bed  is  the 'lowest 
coal  of  any  considerable  value  in  this  district 
and  has  been  opened  in  many  places.  Al- 
though it  can  not  be  traced  continuously  be- 
tween these  openings  the  author  has  little 
hesitancy  in  drawing  the  correlation  Imes  con- 
necting the  coals  at  this  horizon.  (See  PI.  X, 
p.  108.) 

The  Yankee  coal  has  been  exploited  at  the 
Yankee  mines  near  locality  85,  and  the  higher 
beds  have  been  opened  near  by,  but  although 
short  sections  of  the  rocks  are  exposed  in  many 
places  the  only  comprehensive  section  measured 
at  the  surface  is  at  locaUty  86. 

The  most  complete  section  of  the  rocks  in 
this  part  of  the  field  was  obtained  from  the 
record  of  a  drill  hole  put  down  in  Horse  Mesa, 
the  lobe  of  Barilla  Mesa  west  of  Yankee.  The 
top  of  the  hole  is  near  the  rim  of  the  mesa,  so 
that  the  section  includes  practically  all  of  the 
sedimentary  rocks  below  the  overlying  sheet  of 
basalt.     The  section  follows: 


Rocks  penetrated  by  diamond  drill  in  Hone  Mt$a. 

[For  graphic  section,  see  PI.  X.] 

Ft.  In. 

Shale,  sandy 49  0 

Sandstone 4  6 

Coal,  shaly ^ 6 

Shale 1  2 

Coal 1  8 

Shale 2 

Coal 1  0 

Shale 33  .0 

Coal 2  1 

Coal,  shaly 11 

Coal 2  8 

Shale,  sandy 6  8 

Coal 1  1 

Shale 13  0 

Coal 1  6 

Shale 41  0 

Sandstone 29  8 

Coal,  shaly 4 

Shale * 3  4 

Coal. 8 

Shale 5 

Shale,  with  thin  seams  of  coal 1  4 

Shale 5  3 

Coal 3 

Shale,  sandy 35  4 

Coal 9 

Shale 13  8 

Coal 7 

Shale 16  5 

Shale,  with  thin  seams  of  coal 1  0 

Coal 1  7 

Shale 5  6 

Coal,  shaly 1  10 

Shale 27  2 

Coal 7 

Shale 85  3 

Coal 1  10 

Shale,  sandy 39  9 

Coal 1  10 

Shale,  sandy 4  1 

Coal 4 

Shale - 4  10 

Coal 10 

Coal,  shaly 1  3 

Coal \ 5  0 

Shale 1  0 

Coal 1  2 

Shale,  sandy 17  4 

Coal 5 

Sandstone,  shaly 26  8 

Coal 5 

Shale,  sandy 6  8 

Coal...* 1  4 

Shale 1 

Coal 1  1 

'     Shale 10 

Coal 1  0 

Shale 8  4 

Coal,  shaly .  6 

Coal 8 
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Shale— Continued . 

Shale 

Coal 

Shale 

Coal 


Ft.     in. 

6 

4 

:...  8 

1    4 

Shale 12    6 

Coal,  shaly 7 

Shale 1    4 

Coal,  shaly 8 

Sandstone,  with  layers  of  shale 205    8 

Shale 11    8 

Coal 11 

Sandstone,  with  partings  of  shale 40    3 

Coal 3 

Shale 4 

Coal,  bony 6  . 

Shale 1    1 

Coal 2    9 

Shale 1    7 

Coal 6 

Shale,  sandy 28    1 

Coal 3    0 

Shale,  with  thin  bands  of  sandstone 62    7 

Sandstone  (Trinidad) 8    6-f 
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FOSSILS. 


Several  small  collections  of  fossil  plants  were 
made  near  Yankee,  the  localities  of  which  are 
sufficiently  indicated  by  the  United  States 
Geological  Survey  fossil  locality  numbers. 
(See  PL  I,  in  pocket.)  Near  the  old  Honey- 
field  mine,  75  feet  above  the  base  of  the  Raton 
formation  (5140),  Anemia  hesperia  Knowlton, 
Lauras  ratonensis  Knowlton,  Ficus  raionensia 
Knowlton,  Quercuaf  ratonensis  Knowlton,  and 
Cdastrusf  sp.  were  collected.  About  125  feet 
higher  (5141)  Plaianus  guiUelmae  Goppert  was 
found.  A  little  farther  east  in  the  east  waU  of 
the  gulch  near  Yankee  mine  No.  5  (5139)  a  largo 
palm  leaf,  Geonaniites  tenuirachis  Lesquereux 
was  found  about  100  feet  above  the  base  of  the 
Raton  formation.  Only  a  small  part  of  the 
fossil,  which  measured  33  inches  in  length  and 
whose  rachis  extended  to  the  extremity  of  the 
part  preserved,  could  be  collected.  Platanus 
guiUdmae  Goppert  was  found  in  slide  rock  400 
feet  above  the  base  of  the  Raton  formation 
(6138);  and  50  feet  higher  (5137)  Zizyphus 
meiffgsii  (Lesquereux)  Berry,  Dryopterisf  sp., 
Ficus  denveriana  Cockerell,  and  Nyssaf  race- 
fnosa  Knowlton  were  collected  from  rock 
in  place.  About  50  feet  higher  (5135)  or  500 
feet  above  the  base  of  the  Raton  Oinnamomum 
fnississippi^'^^^^^  Lesquereux  was  found;  and 
from  the  highest  rocks  exposed  (5134)  were  col- 
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lected  Berchemia  muUinervis  (Alexander  Brau 
Heer,  and  Sterculia  berryana  Knowlton. 

Still  farther  east  in  the  roof  of  the  Raynol 
coal  mine  (5133),  at  a  horizon  600  feet  or  mo 
above  the  base  of  the  Raton  formation,  Jugla 
sapindiformis  Knowlton  and  Sabalf  un^i 
(Lesquereux)  Knowlton  were  found.  In 
gulch  a  mile  southeast  of  this  mine  the  f oUowii 
species  were  collected: 

Foml  plants  collected  near  Yankee,  sec.  29,  T.  32  N.,  R. 
E.f  about  400  feet  above  the  base  of  the  Raton  formation. 

[U.  S.  Geol.  Survey  fossil  locality  5142.] 

Apeibopsis?  neomexicana  Knowlton. 

Ficus  denveriana  Cockerell. 

Ficus  pseudopopulus  Lesquereux. 

Ficus  schimperi  Lesquereux. 

Juglans  rugosa  Lesquereux. 

Magnolia  angustifolia  Newberr>'. 

Terminalia  hilgardiana  (Lesquereux)  Berry. 

Quercus?  neomexicana  Knowlton. 

Sabal?  rugosa  Knowlton. 

Sabal?  ungeri  (Lesquereux)  Knowlton. 

Sapindus  caudatus  Lesquereux. 

Zizyphus  fibrillosus  (Lesquereux)  Lesquereux 

LOCALITY  M. 

The  section  measured  at  locaUty  86,  about 
mile  northeast  of  the  town  of  Yankee,  extent 
from  the  Pierre  shale,  which  is  exposed  at  tl 
bottom  of  the  valley,  to  the  lavas  at  the  top 
Barilla  Mesa.  Little  attention  was  given 
the  Pierre  shale  or  to  the  Trinidad  sandston 
but  the  coal-bearing  rocks  were  measured  ; 
accurately  as  the  condition  of  the  surface  pe 
mittcd.     The  section  follows: 

Section  of  rocks  measured  at  locality  86,  near  Yankee,  N.  Mi 

Tertiary  (?)  rocks:  Ft. 

Basalt 25 

Sand  and  gravel  unconsolidated 80 

Conglomerate 10 
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Raton  formation:  . 

Covered GO 

Coal 

Shale  and  sandstone,  not  continuously  ex- 
posed   104 

Coal 4 

Not  exposed 8 

Sandstone,  yellow '. 15 

Not  exposed 12 

Coal,  impure 2 

Not  exposed 24 

Coal 

Shale 18 

Coal 

Shale , 35 
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BaloQ  fonuAtion — Continued.  Ft.  in. 

SandBtone,  yellow 2  0 

Notexpoeed 24  0 

Coal 2  4 

Not  exposed 34  0 

Coal  (Sperry  mine) 3  2 

Shale 2  0 

Coal,  bony 6 

Shale,  yellow,  and  thin  bedded  at  top;  gray 

aad  maasive  near  base 18  0 

N'ot  oxpoeed 38  0 

Sandslone,  brown,  with  iron  concretions S  0 

Coal,  bony 6 

Sandstone 12  0 

Sandstone  and  ehale,  in  alternating  layeis. . .  24  0 

Coal 8 

Shale 4  0 

Sandstone,  cnws-bedded 10  0 

Coal 4 

Shale 2  O 

Sandstone 5  0 

Sand,  carbonaceous 4  0 

Sandstone 3  0 

Shale 2  0 

Sandstone,  yellow 5  0 

Sandstone  and  shale,  in  alternating  layers. . .  12  0 

Sandstone,  yellow,  massive 5  0 

Shale  and  sandnlone,  in  alternating  layers. . .  80  0 

Shal^,  carbonaceous,  with  thin  beds  of  coal. .  6  0 
Shale  and  sandstone,  not  continuously  es- 

poeed 30  0 

Coal  (Sugarito  bed) 2  6 

Shale 9  0 

Sandstone,  friable 12  0 

Coal 1  2 

Shale  and  aandstonc,  not  welt  exposed 82  0 

Unconformity.  725     8 

Trinidad  sandstone 100± 

Pierre  shale: 

Transitional  zone. 

Shale. 

M0± 

Not  only  do  no  rocka  of  Vennejo  age  occur  at 
this  locality,  but  no  sandstone  that  can  be  con- 
fidently correlated  with  the  basal  conglomerate 
of  the  Raton  formation  was  found.  The  rocks 
above  the  Trinidad  consist  principally  of  soft 
shales,  some  of  which  are  carbonaceous  and 
contaiii  thin  beds  of  coal,  intorbcdded  with 
layers  of  friable  sandstone  and  lenses  of  iron- 
stone. A  thin  bed  of  coal  occurs  about  82  feet 
above  the  base,  and  the  Sugarite  coal  bed  a 
httle  higher.  The  cUff-inaking  sandstones  are 
recognizable  here,  but  they  are  not  so  massive 
as  they  are  farther  west,  and  three  thin  beds  of 
coal  were  found  in  them.  The  Yankee  coal 
bed  was  n^ognized  above  the  chffs  and  has 
been  exploited  to  some  extent  in  the  Sperry 
mine.  Several  higher  coal  beds  are  included 
in  the  section,   but  they  are  not  specifically 


used  in  correlating  the  formations  described 
this  paper  and  need  not  be  discussed  in  deb 

Above  the  highest  bed  of  coal  is  a  mass 
more  or  less  unconsolidated  gravel  of  Tertia 
age,  on  which  lies  the  basalt  that  fonns  I 
cap  rock  of  the  mesas. 

The  higher  rocks  of  this  section  were  trac 
southeastward  around  the  point  of  Barilla  M< 
to  locality  92.  Some  of  the  higher  beds 
coal  have  been  opened  near  Korman's  rftti 
on  the  southern  extremity  of  the  mesa,  whi 
the  following  fossil  plants  were  collected: 

Fouil  planU  tolUcltd  north  of  Narman't  randt  obout 
Jttt  abote  Ou  hue  of  the  Raton  formation. 
[I'.  S.  GdoL  Survey  (ossUlacallly  SI32.] 

Apocynophyllum  leequereuxii  Ettingshausen. 
Cinnamomum  missisaippienaia  7  Lcaquereux. 
Ficus  denveriana  Cockerell. 
Ficus  planicostala  clintoni  (Lcequereuz)  Kno 

Magnolia  magni folia  Knowlton. 
Platanus  guillelmae  GSppert. 

JOHNSON  MBS  A. 


The  rocks  of  the  lower  part  of  the  aecti 
measured  at  locality  86  were  traced  southvi 
to  Johnson  Mesa,  where  several  sections  wi 
measured  but  need  not  be  described  in  deb 
The  Pierre  shale  vt  exposed  on  all  sides  of  t 
mesa.  The  Trinidad  sandstone  occurs 
characteristic  development  south  of  Yanl 
and  in  the  west  slope  of  the  mesa  near  loc 
ities  87  and  88  but  becomes  inconspicu< 
farther  south  and  east.  In  the  southern  sic 
of  the  mesa  it  does  not  form  a  cliff  and 
thickness  could  nowhere  be  satisf  actor 
measured.  At  locality  89  near  the  east* 
limit  of  its  extension  it  is  thin  and  inc< 
spicuous.  In  the  north  slope  of  the  mesa 
occurrence  is  simUar  to  that  in  the  south  sto] 
It  is  exposetl  in  several  places  south  and  ei 
of  locality  93  but  nowhere  does  it  attain 
prominence  comparable  to  that  farther  we 
No  rocks  that  can  be  referred  to  the  Venm 
were  found  in  Johnson  Mesa,  where  apparen 
the  post-Vermejo  erosion  carried  away  i 
only  all  rocks  of  this  formation  but  part  of  I 
Trinidad  sandstone  as  well,  so  that  when  se 
mentation  was  renewed  in  early  Tertiary  ti 
the  first  deposits  accumulated  on  on  une^ 
surface  of  Trinidad  sandstone.  The  low 
stratum  of  these  younger  deposits  is  \( 
exposed  in  several  places  near  localities  87  a 
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88.    It  is  hard,  quartzose,  and  slightly  con- 
glomeratic. 

HOBSESHOB  AND  BARII.I.A  MESAS. 
LOCALITISS  92  AND  M. 

The  coal-bearing  rocks  are  well  exposed  in 
only  a  few  places  east  of  Barilla  Mesa.  In 
the  eastern  face  of  Horseshoe  Mesa  those  in 
the  lower  part  of  the  Raton  formation  are 
exposed  in  a  cUff  formed  by  a  landslide  at 
locality  93,  and  some  of  the  coal  beds  crop 
out  at  locality  92.  But  the  best  section  of 
the  rocks  east  of  Barilla  Mesa  is  shown  in  the 
following  record  of  a  diamond-drill  hole  put 
down  in  the  eastern  slope  of  Barilla  Mesa: 

Rocks  penetrated  by  diamond  drill  on  Barilla  Mesa. 

[For  graphic  section  seo  PI.  X,  p.  108.] 

Ft.     in. 

ShAle,  Bandy 71  0 

Shale,  with  thin  seams  of  coal 9  7 

Coal '. 2  1 

Shale,  with  thin  beds  of  sandstone 50  11 

Coal 10 

Shale 2 

Coal 2  1 

Shale 2  8 

'     Coal 2  8 

Shale 11  0 

Coal,  shaly 1  6 

Shale,  sandy 15  0 

Coal 6 

Shale 6  8 

Coal,  shaly 6 

Shale 6  4 

Coal,  shaly 3  0 

Shale 10 

Coal 8 

Shale  and  sandstono 32  8 

Coal,  shaly 6 

Shale,  sandy 15  10 

Sandstone 31  0 

Sandstone,  with  thin  beds  of  coal 2  2 

Coal 2  5 

Shale 5 

Coal 1  2 

Shale,  with  thin  beds  of  coal 1      4 

* 

Sandstone  and  shale Ill  0 

Coal,  shaly 4 

Sandstone  and  shale 128  0 

Coal 3  2 

Shale,  sandy 39  1 1 

Coal 1  0 

Shale 14  3 

Coal 1  1 

Shale,  with  sandy  layers 45  J) 

Sandstone  (Trinidad) 18-f 

638-f 

The  Pierre  shale  is  characteristically  de- 
veloped; but  the  Trinidad  sandstone,  which  is 
normally    about    100    feet    thick    throughout 


the  Raton  Mesa  region,  is  here  much  thinner. 
It  contains  the  characteristic  fossil  Halymenites 
major  Lesquereux  and  does  not  diflFer  in  litho- 
logic  character  from  this  sandstone  as  de- 
y^loped  elsewhere.  It  is  possible  that  the 
Trinidad  never  possessed  normal  thickness  at 
this  locality,  but  it  seems  more  reasonable  to 
attribute  its  thinness  to  erosion  previous  to 
the  deposition  on  it  of  the  sediments  of  the 
Raton  formation. 

In  Bear  Canyon  north  of  locality  93  the  sides 
of  the  mesa  are  so  densely  forested  that  little 
was  learned  of  the  rock  formations  above  the 
Pierre  shale.  Still  farther  north,  near  the 
eastern  extremity  of  Barilla  Mesa,  the  Trinidad 
sandstone  is  exposed  for  a  short  distance,  but 
no  satisfactory  section  of  it  or  of  the  overlying 
rocks  was  measured.  However,  it  is  clear  that 
no  rocks  of  Vermejo  age  occur  in  this  part 
of  the  field,  and  that,  except  for  localities 
near  the  State  line  where  a  brown  quartzose 
sandstone  at  the  base  of  the  Raton  rests  with 
uneven  base  on  the  Trinidad,  the  shales  of  the 
Raton  formation  lie  in  contact  >^dth  the  Trini- 
dad sandstone  as  they  do  in  the  other  places 
described  east  of  locahty  81. 

The  north  side  of  Barilla  Mesa  in  Colorado 
also  is  densely  forested,  and  the  rocks  above 
the  Pierre  shale  are  exposed  in  very  few  places. 
Because  of  this  forestation  no  satisfactory  ob- 
servations were  made  on  them  for  about  7  miles 
along  the  outcrop  north  of  the  mesa.  About 
half  a  mile  east  of  San  Francisco  Creek,  how- 
ever, the  Trinidad  sandstone  is  exposed  be- 
neath 25  to  30  feet  of  coal-bearing  rocks  that 
probably  belong  to  the  Vennejo  formation. 
The  Vermejo  (see  p.  122)  is  well  developed 
toward  the  northwest,  in  the  vicinity  of  Trini- 
dad,  and  it  thins  toward  the  east,  as  in  the 
vicinity  of  Raton.  Its  point  of  disappearance 
north  of  the  mesa  is  not  known,  for  this  point 
lies  somewhere  in  the  covered  area  between 
San  Francisco  Creek  and  the  eastern  point  of 
Barilla  Mesa. 

RATON  MESA. 

The  north  and  west  slopes  of  Raton  Mesa  are 
densely  covered  wdth  brush,  and  in  few  places 
are  the  rocks  well  exposed.  No  place  was 
found  east  of  San  Francisco  Canyon  where  a 
section  cOuld  be  measured  satisfactorily.  It  is 
probable,  however,  that  all  of  the  beds  de- 
scribed from  the  south  slope  of  Barilla  Mesa 
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may  bo  found  here,  for  the  distance  between 
the  outcrops  on  the  two  sides  of  the  mesa  is  only 
a  few  miles. 

The  fonnations  were  traced  along  their  out- 
crop northwest  of  San  Francisco  Creek  and  ex- 
amined wherever  the  rocks  were  well  exposed. 
Unfortunately  good  exposures  are  rare  in  this 
vicinity  because  of  the  dense  grow^ths  of  brush 
that  covered  the  north  slope  of  the  mesas. 
However,  a  considerable  number  of  prospects 
have  been  made  with  diamond  drill  between 
San  Francisco  Creek  and  Engle,  and  these 
records  supplement  the  information  gained 
from  measurements  at  the  surface.  It  is  not 
always  possible  to  correlate  the  beds  reported 
in  these  drill  records  with  those  observed  at  the 
outcrop.  This  may  be  due  to  one  of  several 
causes,  among  which  may  bo  mentioned  (1)  the 
absence  of  characteristic  rocks — comparison  be- 
ing difTicult  in  beds  consisting  of  sandstone, 
shale,  and  coal,  all  of  which  vary  from  place  to 
place  in  thickness  and  in  character;  (2)  the 
continuity  in  the  driU  record  and  the  lack  of 
continuity  in  the  section  measured  at  the  sur- 
face, which  is  Ukely  to  emphasize  such  promi- 
nent features  as  sandstone  cliffs  and  to  mini- 
mize or  even  omit  thin  beds  of  soft  rock,  such 
as  shale  and  coal  that  outcrop  in  soil-covered 
slopes;  and  (3)  the  different  viewpoints  of  the 
observer,  the  geologist  noting  and  emphasizing 
one  group  of  phenomena  and  the  driller  pay- 
ing special  attention  to  quite  another  group. 
Thus  the  drill  may  have  gone  through  a  con- 
glomeratic sandstone  without  any  reference  to 
its  character  or  significance  appearing  in  the 
record,  or  through  a  plane  of  unconformity  (in 
passing  from  one  formation  to  another)  without 
the  fact  being  suspected  by  the  driller.  On  the 
other  hand,  the  drill  record  is  Ukely  to  show 
thin  beds  of  coal  and  shale  that  are  obscured  at 
the  surface  and  that  do  not  appear  in  the  sec- 
tions measured  at  the  outcrop. 

SAN  FRANCISCO  CANYON. 

LOCALITY  94. 

A  poorly  exposed  section  was  examined  east 
of  Sun  Francisco  Creek  (locality  94).  The  coal 
beds  were  opened  some  years  previous  to  the 
time  of  examination,  and  their  thicknesses 
were  measured  in  the  old  prospect  entries.  The 
Vermejo  formation  was  measured  again  about 
one-fourth  mile  farther  east,  where  the  lowest 
coal  is  2  feet  thick  and  the  next  higher  bed  1 


foot  thick.  A  hard  sandstone  about  40  feet 
above  the  top  of  the  Trinidad  is  probably  the 
basal  member  of  the  Raton  formation;  it  is 
not  conglomeratic  so  far  as  was  observed,  but 
otherwise  it  is  similar  in  character  to  the  con- 
glomeratic sandstone  farther  west  that  is  un- 
doubtedly the  base  of  the  Raton  formation. 

Above  this  sandstone  shaly  rocks  nearly  100 
feet  thick  that  contain  coal  at  several  horizons 
occupy  the  position  of  the  lowest  coal-bearing 
shales  of  the  Yankee  district  south  of  Barilla 
Mqsa ;  and  their  thickest  coal  doubtless  should 
be  correlated  'v^ith  the  Sugarite  bed  of  that 
district.  Above  these  shaly  beds  lies  a  series 
of  thick,  massive,  cUff-making  sandstones  simi- 
lar in  thickness  and  character  to  those  which 
fonn  the  prominent  cliffs  in  the  vicinity  of 
Raton  and  which,  in  the  parlance  of  this  region, 
constitute  the  "barren  series."  Coal  beds 
occur  above  the  cliffs  in  the  same  general  posi- 
tions as  those  exposed  in  the  south  slope  of  the 
mesa,  the  lowest  of  which  is  known  as  the 
Yankee  coal.  The  thickest,  or  4-foot,  coal  bed 
of  the  foUo^^dng  section  is  correlated  with  some 
confidence  with  the  Yankee  bed.  The  higher 
beds  of  the  Yankee  district  outcrop  in  San 
Francisco  Canyon  but  are  so  poorly  exposed 
that  the  measured  section  was  not  extended  to 
include  them.  In  aU  essential  characters  the 
section  is  comparable  with  those  measured  in 
the  south  slope  of  Barilla  Mesa  and  indicates 
that  the  formations  extend  through  the  mesa 
with  little  change  in  character,  except  that  the 
conglomeratic  sandstone  which  rests  on  the 
Trmidad  south  of  the  mesa  is  here  separated 
from  that  sandstone  by  40  feet  of  the  Vermejo 
formation.     The  section  follows: 

Section  of  rocks  measured  at  locality  9-f,  San  FraneiKO  Creek, 

Colo. 


(For  graphic  section  see  PI.  XII.) 

Raton  formation: 

Sandstone 

Shale 

Coal 

Shale 

Shale,  carbonaceous,  with  thin  seams  of  coal. 
Shale,  i^nth  layers  of  sandstone 

Coal  ( probably  the  Yankee  bed ) , 

Shale 

Sandstone 

Sandstone  and  sandy  shale 

Sandstone,  cliff  making 

Shale,  with  thin  beds  of  coal 

Coal  (Sugarite  bed?) 
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Raton  fonnadon — Continued. 


Shale,  dark  colored 50 

Coal,  thin 

Shale,  carbonaceous,  black 6 

Sandstone,  hard,  coarse  grained,  cliff  making, 
probably  the  base  of  the  Raton  formation . .    10 


Ft.     In. 

0 
? 
0 


0 


430      0 


IVobable  unconformity.  =^=^ 

Vermejo  formation: 

Shale,  not  well  exposed 15  0 

Coal 6 

Shale  and  sandstone,  alternating 8  0 

Coal 3  0 

Shale,  aandy 13  0 


Trinidad  sandstone. 
Pierre  shale: 

Transitional  zone. 

Shale. 
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LOCALTTT  9S. 


At  locality  95,  a  mile  northwest  of  San  Fran- 
cisco Creek,  a  short  section  was  measured.  The 
rocks  are  not  well  exposed,  but  some  diamond- 
drill  prospecting  has  been  done  in  the  neighbor- 
hood, by  aid  of  which  it  seems  possible  to  recog- 
nize both  the  Katon  and  the  Vermejo  forma- 
tions. From  these  records  and  from  such  data 
as  were  obtained  at  the  outcrop  the  following 
section  has  been  constructed: 

• 

Section  of  rocks  xneasured  at  locality  95 y  near  San  Miguel  and 
San  Francisco  Creek,  and  penetrated  by  diamond  drill. 

[For  graphic  section  sec  I'l.  XII,) 

Raton  formation:  Ft.  in. 

Shale 8  0 

Sandstone '. 7  0 

Shale 8  0 

Sandstone 7  S 

Shale 2  9 

Coal 2 

Sandstone 29  10 

Shale 26  9 

Coal 1 

Shale 3  2 

Sandstone 3  0 

Shale 5  0 

Sandstone 2  7 

Shale 9  5 

Sandstone 63  0 

Shale 2  0  ' 

Sandstone 6  0 

Shale 12  0  , 

Sandstone 28  0 

Shale 36  5  ' 

Coal 2 

Shale 2  10 

Coal  (Sugarite  bod?) 2  0  ' 

Shale 3  8 

Coal 6 


Raton  formation — Continued. 

Shale 

Coal,  bony 

Shale 

Sandstone 

Coal 

Shale 

Sandstone 

Shale 

Sandstone 

Coal 

Shale 

Sandstone  (possibly  the  base  of  the   Raton 
formation) '. 

* 

Vermejo  formation?:  = 

Shale 

Coal 

Shale 

Sandstone. 

Shale 

Coal . 

Sandstone 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Trinidad  sandstone ] 

Pierre  shale: 

Transitional  zone. 

Shale.  = 


The  Trinidad  sandstone,  which  is  abou 
feet  thick  at  this  locaUty,  was  penetrated 
50  feet  by  the  drill.  .  In  the  Vermejo  f( 
tion  coal  was  found  at  the  surface  at  onl 
liorizon,  but  the  drill  penetrated  one  thic' 
and  several  thin  ones  less  than  40  feet  i 
the  top  of  the  Trinidad.  A  sandstone  i 
thick  and  40  feet  above  the  Trinidad  a 
outcrop  is  supposed  to  lie  at  the  base  c 
Raton  formation.  It  is  hard,  white,  c 
grained,  cross-bedded,  and  mottled  nea 
base,  with  the  inclusions  of  clay  and  fragr 
of  carbonized  wood  that  characterize  the 
conglomeratic  sandstone  of  the  Raton  fc 
tion  in  many  places  throughout  the  I 
Mesa  region.  In  some  places  it  consis 
clean  white  sand  of  well-rounded  grains  \ 
liavo  been  cemented,  apparently  by  siUca. 
a  flinty  quartzitic  mass.  In  other  places 
clean  white  sand  contains  irregular  mass 
buff-colored  muddy  sand  which  are  us 
softer  than  the  white  portions.  Where 
softer  inclusions  occur  the  rocks  weather  ' 
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uneven  craggy  surface,  this  being  noted  in  many 
places  where  the  basal  sandstone  is  only  slightly 
conglomeratic.  There  is  no  mention  in  the 
drill  records  of  any  character  by  which  the 
basal  sandstone  of  the  Raton  formation  can  be 
identified,  and  the  correlation  of  the  8-foot 
sandstone  in  section  95  (PL  XII)  with  it  is  pro- 
visional. The  Sugarite  coal  and  the  shales 
associated  with  it  can  be  recognized  in  the  drill 
records,  as  can  also  the  overlying  sandstones 
which  constitute  the  so-called  '^barren  series." 
The  Yankee  coal  bed  was  not  penetrated,  and 
if  the  correlations  indicated  by  the  dotted  lines 
in  Plate  XII  are  correct  this  bed  occurs  at  a 
horizon  shghtly  higher  than  that  represented 
by  the  top  of  the  record. 

GRAY  CREBK. 

LOCALITY  9€. 

*  No  good  exposures  of  the  coal-bearing  rocks 
were  found  between  locaUty  95  and  Gray  Creek, 
about  4  miles  to  the  northwest  GocaUty  96). 
At  Gray  Creek  the  Vermejo  formation  is  well 
exposed,  and  three  of  its  coal  beds  have  been 
opened.  At  the  mouth  of  Gray  Creek  mine  the 
base  of  the  Vermejo  is  not  exposed,  but  the 
mine  superintendent  informed  the  writer  that 
the  lowest  bed  developed  in  the  mine  is  the 
same  as  the  one  exposed  in  the  gulch  about  100 
yards  east. of  the  mine,  where  coal  was  found 
about  7  feet  above  the  top  of  the  Trinidad 
sandstone.  The  thickness  of  the  Vermejo  for- 
mation, where  measured  in  the  west  wall  of  the 
gulch  at  Gray  Creek,  is  about  77  feet. 

The  basal  conglomerate  of  the  Raton  forma- 
tion is  here  30  feet  thick  and  is  characteristic- 
ally quartzose  and  conglomeratic  in  the  lower 
part.  iUthough  the  pebbles  are  not  numerous 
several  more  than  hall  an  inch  in  diameter 
were  found.  The  conglomerate  rests  with 
uneven  base  upon  shale,  and  the  rocks  above 
it  are  mainly  massive,  cUff-making  sandstones 
which  contrast  sharply  with  the  shale  and  soft 
sandstone  of  underlying  Vermejo  beds.  No 
coal  which  can  be  correlated  with  the  Sugarite 
bed  was  found  at  the  place  where  the  sec- 
tion was  meavsured.  This  may  be  because  of 
poor  exposure.  Richardson  ^^^^  states  that 
within  150  feet  above  the  Trinidad  sand- 
stone in  the  vicinitv  of  Gray  Creek  there  are  ; 
from  two  to  six  beds  of  coal  more  than  2  feet 
thick.  It  is  possible  that  one  or  more  of  these 
beds  occur  near  the  horizon  of  the  Sugarite  coal 


above  the  conglomeratic  sandstone.  On  the 
other  hand,  all  of  the  large  beds  observed  at  the 
outcrop  near  Gray  Creek  occur  below  the  con- 
glomerate. The  uneven  base  of  the  conglom- 
erate is  suggestive  of  an  erosional  unconformity 
and  it  is  possible  that  some  of  the  six  coal  beds 
penetrated  in  some  of  the  drill  prospects  may 
have  been  eroded  away  at  locaUty  96  before 
the  conglomerate  was  laid  down. 

Fossil  plants  found  in  the  rock  dump  of  the 
Gray  Creek  mine  came  from  the  roof  of  the 

Apr 

6-foot  coal  bed  (the  middle  bed  of  the  three 
mined).  The  plants  belong  to  the  Vermejo 
flora  and  are  as  follows: 

Fossil  plants  collected  at  Gray  Creek,  Colo. 
[V.  S.  Gcol.  Survey  fossil  locality  5710.] 

Abietites  dubius  Lesquereux. 
Ficus  praotrinervis  Knowlton. 
Ficus  starkvillensis?  Knowlton. 
Fraxinus?  sp. 
Viburnum  anomalinerv'um?  Knowlton. 

The  section  measured  at  this  locaUty  is  as 
follows : 

Section  of  rocks  measured  m  ivest  wall  of  the  gulch  at  locality 

96.  Gray  Creek  mine,  Colo. 

(For  graphic  section  see  P.l.  XII. J 

Raton  formation:  Feet. 

Sandstone,  coarse  grained,  yellow,  in  massive 
thick   layers  separated  by  layers  of  shale 

(thickness  estimated) 200-f- 

Sandatone,  coarsegrained,  locally  conglomeratic 
and  quartzose  near  the  base 30 

2304- 

Unconformitv.  === 

\'ermejo  formation: 

Shale  with  sandstone 15 

Coal  (this  coal  varies  in  the  mine  from  4  to 

14  feet  in  thickness) 4-f- 

Sandstone  and  shale  in  alti»rnating  layers,  fos- 

siliferous  (5710) 15 

Coal 6  ± 

Sandstone  and  shale 25 

Coal 5d: 

Sandstone,  shalv  and  friable 7 

Trinidad  sandstojie 77 

307 

A  considerable  number  of  drill  holes  have 
l)een  bored  in  the  vicinity  of  Gray  Creek,  but  a 
comparison  of  the  records  indicates  such  great 
variations  in  the  number,  character,  and  thick- 
ness of  the  coal  beds  that  their  correlation  is 
quite  impossible  at  the  present  time,  although 
the  large  groups  can  be  recognized  without 
diliiculty.     One  record,  section  96a  (PL  XII), 
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is  given  in  order  to  show  the  character  and  suc- 
cession of  the  rocks  of  the  Raton  formation, 
which  could  not  be  examined  at  the  outcrop. 
It  is  probable  that  the  37-foot  sandstone  of  this 
record  is  the  basal  conglomerate  of  the  Raton 
formation  and  that  the  coals  above  it  are  at 
or  near  the  horizon  of  the  Sugarite  bed.     The 
so-called   *' barren   series"    appears   conspicu- 
ously in  this  record  and  the  lowest  coal  of  the 
upper  group  seems  to  be  the  Yankee  coal  bed. 
Hills  "'  publishes  the  records  of  two  diamond- 
drill  prospects  made  between  Gray  Creek  and 
Engleville.     He  did  not  make  a  subdivision  of 
the  coal-bearing  rocks  such  as  is  described  in 
this  paper,  but  it  h  not  difficult  to  recognize  in 
these  two  records  two  of  the  groups  of  coal  beds 
here  described.     A  massive  sandstone  35  to  38 
feet  thick  that  occurs  90  to  100  feet  above  the 
lowest  coal  in  Hiirs  section  seems  to  be  the 
same  as  the  37-foot  sandstone  of  section  No. 
96a.     (See  PI.  XII.)     The  principal  coal  beds 
occur  below  this  sandstone  and  are  imdoubt- 
edly  the  Vermejo  coals  of  this  paper.     The  | 
highest  coal  beds  of  Hill's  sections  probably  ] 
belong  to  the  Sugarite  group.     The  sections  do 
not  extend  high  enough  to  include  the  rocks  at 
the  horizon  of  the  Yankee  coal. 


ENOLiE. 


LOCALITY  97. 


For  about  3  miles  along  the  outcrop  north- 
west of  Gray  Creek  little  was  seen  of  the  coal- 
bearing  rocks,  but  about  half  a  mile  east  of 
Engleville  boulders  of  conglomerate  were 
observed  which  seem  to  have  come  from  the 
basal  conglomerate  of  the  Raton  formation,  as 
no  other  rock  in  this  Vicinity  is  known  to  be 
conglomeratic. 

A  section  was  measured  at  Engle  Gocality 
97),  about  3  miles  northwest  of  Gray  Creek. 
The  lower  part  of  the  Vermejo  formation  is 
not  well  exposed  but  seems  to  contain  no  coal. 
Three  coal  beds,  the  lowest  of  which  is  worked 
in  the  E^ngle  mine,  have  been  opened  at  higher 
horizons  in  this  formation. 

The  conglomeratic  sandstone  at  the  base  of 
the  Raton  formation  was  examined  in  an  ex- 
cavation near  the  mouth  of  Engle  mine  and 
at  several  places  east  of  the  mine  in  cuts  along 
an  old  tramway.  It  is  irregularly  quartzose 
in  some  places  and  is  locally  conglomeratic 
A  few  quartz  pebbles  half  an  inch  in  diameter 
were  found  in  it  near  the  mine,  but  the  pebbles 


are  larger  and  more  numerous  farther  e 
The  section  follows: 

Section  of  rocks  measured  at  locality  97,  Engle,  Co 
[For  graphic  section  see  PI.  Xir.) 

Raton  formation:  Ft. 
Sandstone,  locally  conglomeratic;  pebbles  up 

•to  half  an  inch  in  diameter 3 

Unconformity.  = 

Vermejo  formation: 

Sandstone,  massive,  yellow 4 

Shale,  with  partings  of  concretionar\'  sand- 
stone, drab 22 

Coal 2 

Shale,  carbonaceous,  black 6 

Coal,  bony 2 

Shale,  drab,  and  shaly  sandstone 15 

Coal \ 8 

"Shale  and  sandstone,  not  continuously  ex- 
posed   30 

Trinidad  sandstone 89 

92 

About  IJ  miles  southwest  of  Engle  a  < 
bed  has  been  opened  in  the  side  of  Raton  V. 
at  the  Fishers  Peak  mine  (mine  No.  8,  PI 
in  pocket).  This  bed  is  400  to  500  feet  ab 
the  Trinidad  sandstone  and  is  at  or  near 
horizon  of  the  Yankee  coal.  From  the  floo 
this  mine  the  following  fossil  plants  were 
Iccted  by  G.  B.  Richardson: 

Fossil  plants  from  the  floor  of  Fishers  Peak  mine,  Co\ 
[Collected  by  O.  B.  Richardson,  U.  8.  Ct eol.  Sun'ey  fossil  locality 

Acer  fragilis  Knowlton. 

Alismaphyllum  craasifolium  Knowlton. 

Cassia  fisheriana  Knowlton. 

Ficus  denveriana  Cockerel  1. 

Nelumbo  lakesiana  (Les(iuercux)  Knowlton. 

Pteris  linoaris  Knowlton. 

Quercus  fisheriana  Knowlton. 

MOBLET  DOME. 
liOCALITIES  98  AND  99. 

Unusual  interest  centered  in  the  structi 
relations  in  the  vicinity  of  Morlcy,  whicl 
midway  between  the  localities  in  the  Ra 
field  where  evidence  of  a  plane  of  unconfo 
ity  within  the  coal  measures  was  first  fo 
and  the  localities  near  Trinidad  where  sim 
conditions  were  observed.  Morley  is  8  m 
from  the  nearest  locality  described  in 
Raton  field  and  6  miles  from  the  nea 
locality  near  Trmidad  at  which  the  Vern 
beds  are  described.  A  local  dome  in 
vicinity  has  brought  to  the  surface  the  up 
part   of    the    Pierre   shale    and    the   Trini 
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sandstone  as  well  as  the  lowest  beds  of  coal. 
From  the  center  of  this  dome  the  strata  dip 
on  all  sides  at  an  avert^e  of  about  10®.  G.  B. 
Richardson'^  fomid  nalymenites  major  Les- 
quereux  in  the  Trinidad  sandstone  and 
Inoceramus  in  the  Pierre  shale.  He  also  con- 
firmed Stevenson's  assignment*'  of  the  Morley 
coal  to  the  case  of  the  coal  measures  and 
pointed  out  that  it  had  been  incorrectly  as- 
signed to  a  horizon  800  feet  above  the  base.^** 

Near  Raton  only  a  few  small  pebbles  were 
found  in  the  basal  sandstone  of  the  Raton 
formation  (p.  106),  and  the  hypothesis  was 
entertained  at  one  time  that  the  conglomer- 
ate might  thin  toward  the  north  and  disappear 
under  Raton  Mesa  in  some  such  manner  as 
it  thins  toward  the  east  in  the  Raton  field. 
For  these  reasons  special  care  was  taken  to 
determine  if  the  coal-bearing  rocks  at  Morley 
are  clearly  separable  into  two  formations  as 
they  are  in  the  Raton  field.  To  aid  in  this 
determination,  as  complete  a  collection  as 
possible  of  fossil  plants  was  made  from  the 
lower  part  of  the  coal  measures  at  Mofley  and 
equally  complete  collections  were  obtained 
from  the  higher  beds  near  Wootton.  On  the 
evidence  thus  obtained  and  on  the  physical 
evidence  rests  the  separation  of  the  coal  meas- 
ures into  two  formations. 

Although  the  rocks  of  the  Vermejo  are 
relatively  soft  and  the  exposures  correspond- 
ingly poor  near  Morley,  two  sections  were 
measured,  as  follows: 

Sectio7i  of  rocks  measured  at  locality  98,  half  a  mile  northeast 

of  Morley,  Colo. 

[For  graphic  section  see  PL  XII.] 

Raton  formation:  Ft.    in. 

Sandstone,  massive,  yellowish  brown 30      0 

Shale,  sandy 1      0 

Sandstone,  massive,  cliff  making,  white 30      0 

Shale  and  sandstone,  not  continuously  ex- 
posed      70      0 

Sandstone,  massive,  locally  conglomeratic 
at  base,  quartzitic,  white  to  yellowish 
brown;  weathers  to  crags  having  uneven 
cavernous  surfaces 17      0 


148      0 


Unconformity. 
Vermejo  formation: 

Shale 5      0 

Coal 4± 

Sandstone  and  shale,  thin  bedded,  yellow. . .     12      0 

Coal 1      6 

Sandstone  and   sandy  shale,   thin  bedded, 
yellow 7      0 


Vermejo  formation — Continue.  Ft  in. 

Shale,  carbonaceous,  black 1  6 

Coal 1  2 

Shale,  drab 20  0 

Coal 5+ 

Shale,  sandy,  weathering  red,  with  1  foot  of 

coal  near  the  middle 15  0 


Trinidad  sandstone:  72 i: 

Sandstone  containing  Ilalymenites  major  Les- 
quereux 50± 

Pierre  shale: 

Transitional  zone. 

Shale  containing  Inoceramus  sp. 


270± 

Section  of  rocks  measured  at  locality  99,  half  a  mile  north- 
west of  Morley,  Colo. 

[  For  graphic  section  see  PI.  XII.] 

Raton  formation:  pt.  in. 
Sandstone,  locally  conglomeratic,  quartzitic, 
coarse  grained,  white;  weathers  to  crags  hav- 
ing imeven  cavemoufii  surftk^es 10  0 

Unconformity.  === 

Vermejo  formation: 

Covered 44  0 

Sandstone,  massive,  friable,  yellow 6  0 

Shale,  drab,  foesiliferous 4  0 

Coal 1  10 

Shale 1  0 

Coal 4  0 

Shale,  reddish  brown 3  0 

Covered 1 12  0 


Trinidad  sandstone: 


Sandstone  containing  Ilcdynjteniles  major  Les- 


75    10 


quereux, 
Pierre  shale: 

Transitional  zone. 

Shale  containing  Inoceramus  sp. 


85    10 


The  Morley  coal  mine  has  been  developed  in 
the  lowest  bed  of  the  Vermejo  formation,  12  to 
15  feet  above  the  top  of  the  massive  Trinidad 
sandstone.  From  rock  on  the  mine  dump 
(U.  S.  Geol.  Survey  fossil  locality  5709),  which 
according  to  the  superintendent  came  from  the 
roof  of  the  mine,  some  very  perfect  fossil  plants 
of  the  Vermejo  flora — Ficus  leei  Knowlton,  Se- 
quoia obovata  Knowlton,  and  SahaZ  morUana 
Knowlton — were  collected 

For  about  75  feet  above  the  top  of  the  Trini- 
dad sandstone  there  is  obviously  no  break  in 
the  sedimentation,  but  at  this  horizon  there  is  a 
hard  quartzitic  sandstone  that  varies  in  thick- 
ness from  2  to  17  feet  or  more.  In  some  plac^ 
a  few  pebbles  of  quartz  fcud  chert  up  to  half  an 
inch  in  diameter  occur  in  this  sandstone,  but 
they  are  relatively  rare,  and  for  its  identity 
more  dependence  is  to  be  placed  on  other  char- 
acteristics.   The  rock  is  made  up  of  relatively 
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brief  description  given,  came  "from  North 
Raton  Creek/*  Although  this  creek  flows 
across  the  Vermejo  formation  at  Morley  and  at 
Starkville  the  present  writer  found  no  fossils  in 
these  beds  at  the  surface,  all  the  Vermejo  plants 
coming  from  unweathered  rock  on  the  mine 
dumps.  On  the  other  hand,  the  fossil  plants  of 
the  Raton  formation  are  very  abundant  at  the 
surface.  Furthermore,  at  the  time  Hayden, 
Lesquereux,  and  others  made  the  early  collec- 
tions the  road  house  for  travelers  crossing  the 
pass  between  Trinidad  and  Raton  was  at  Woot-  ! 
ton.  It  seems  altogether  probable,  therefore,  ; 
that  the  plants  from  ''Fishers  Peak,**  ''Raton 
Mountains,**  "North  Raton  Creek,**  etc.,  which 
Lesquereux  maintained  were  of  Eocene  age, 
came  from  the  vicinity  of  Wootton. 

PUBaATOIRE  VALLEY  ABEA. 

RATON  CANYON. 

LOCALITY  100  (McLATTGHLIN  MINE). 

West  of  Engle  the  Pierre  shale,  the  Trinidad 
sandstone,  and  both  coal-bearing  formations 
were  observed  in  many  places,  but  good  sections 
of  them  were  difficult  to  obtain.  Two  small 
collections  of  invertebrates  were  niade  from  the 
Pierre.  Iiioceramns  vanuxemi  Meek  and  Hay- 
den and  two  undescribed  species  of  Inoceramus 
were  found  in  a  railway  cut  northeast  of  Trini- 
dad (U.  S.  Geol.  Survey  fossil  locality  6510); 
and  G.  B.  Richardson  foimd  Inoceramus  mgerir 
sis  Owen  farther  south  (U.  S.  Geol.  Survey 
fossil  locality  5668).  No  fossils  were  collected 
from  the  Trinidad  sandstone,  but  Halym^nites 
major  Lesquereux  was  observed  in  it;  and  on 
Simpsons  Rest  west  of  Trinidad  Inoceramus 
and  bones  supposed  to  be  the  remains  of  a  large 
fish  were  found  in  the  sandstone.  The  Ver- 
mejo consists  of  shale  and  soft  sandstone  which 
weather  easily  and  form  gentle  slopes  that  are 
often  covered  with  debris  from  the  harder  rocks 
above  them. 

The  first  place  west  of  Engle  at  which  a  sec- 
tion was  measured  is  at  McLaughlin's  coal  mine 
(locality  100),  where  all  the  coal  beds  in  the 
Vermejo  formation  have  been  opened.  The 
lower  part  of  the  following  section  is  from  mine 
records  furnished  by  Mr.  J.  E.  McLaughlin,  who 
conducted  the  developcnent  work,  and  the 
upper  part  is  constructed  from  measurements 
made  at  the  surface.  In  the  lowest  coal  bed 
were  found  petrified  logs  several  feet  long  and  2 
feet  or  more  in  diameter  and  stumps,  both  in  an 


excellent  state  of  preservation.  The  logs  are 
rounded  at  the  jends  and  the  condition  of  the 
sides  suggests  considerable  wear  by  transporta- 
tion or  othen^Tse  before  their  final  lodgment 
in  the  bed  where  they  were  found.  Several 
stumps  have  been  found  in  the  coal,  but  ac- 
cording to  Mr.  McLaughlin  none  of  them  was 
standing  upright.  Each  was  found  on  its  side 
with  roots  only  a  few  inches  long,  as  if  worn  off 
before  the  stump  found  its  way  into  the  mate- 
rial that  formed  the  coal.  Apparently  the 
logs  and  stumps  were  transported  from  some 
distance.  The  surface  of  some  of  the  logs  is 
full  of  holes  similar  to  those  frequently  seen  in 
driftwood  at  the  seashore.  The  petrified  wood 
in  the  coal  bed  (U.  S.  Geol.  Survey  fossil  local- 
ity 5706)  has  been  described  as  Cupressinoxy- 
Ion  coloradense  Knowlton. 

The  base  of  the  Raton  formation  is  not  well 
marked  here.  The  lowest  stratimi,  about  2  feet 
thick,  is  coarse  grained,  quartzose,  and  mot- 
tled with  inclusions  of  small  bits  of  clay,  a  char- 
acter noted  at  the  base  of  the  formation  in 
many  places.  No  pebbles  were  found  in  it, 
though  a  few  hundred  feet  to  the  east  it  contains 
pockets  of  small  pebbles  composed  mainly  of 
chert.  This  sandstone  is  here  about  70  feet 
higher  in  the  section  than  the  similar  sandstone 
at  Engle,  3  miles  to  the  east,  and  it  overlies 
eight  beds  of  coal  in  place  of  the  three  found 
at  Engle.  This  is  in  harmony  with  the  known 
thickening  of  the  Vermejo  formation  toward  the 
west.     The  section  follows : 

Section  of  rocks  vuasured  at  locality  100^   McLaughlin's 
mine  near  Starkville,  Colo. 

[For  graphic  section  see  PI.  XII,  p.  US.] 

Raton  formation:  Ft.  in 
Coal  and  shale,  in  alternating  layers. ...  6  0 
Shale  and  sandstone,  not  continuously  ex- 
posed    16  0 

Sandstone,  locally  conglomeratic 2  0 


24      0 


Probable  unconformity. 
Vermejo  formation: 

Shale 6  0 

Coal 2  P 

Shale  and  sandstone 30  0 

Coal 2  0 

Shale 1  4 

Coal 5  0 

Shale 2  0 

Shale  and  sandstone,  not  differentiated 20  0 

Coal 4  0 

Sandstone 16  0 

Coal,  with  partings  of  shale 5  0 
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Vennejo  formation — Continued.  Ft.  in. 

Shale 8  0 

Coal 2  9 

Sandstone  and  shale 21  0 

Coal 3  0 

Sandstone  and  shale ^ 8  0 

Coal 6 

Sandstone  and  shale 10  0 

Coal,  with  petrified  stumps  and  logs  of 

the     species  Cupresainoxylon    colora- 

dense  Knowlton  (U.  S.  Geol.  Survey 

fossil  locaUty  5706) 2  9 

Shale 1  0 

Sandstone,  ripple  marked 3  0 

Shale 2  0 

Trinidad  sandstone.  

155      4 

179      4 

The  basal  sandstone  of  the  Raton  formation 
was  observed  in  several  places  about  a  mile 
south  of  the  McLaughlin  mine  in  the  vicinity 
of  Starkvilloy  and  at  one  place  about  a  mile 
south  of  the  mine  it  was  found  to  be  plainly 
conglomeratic.  A  few  fossils  belonging  to  the 
Vennejo  flora  were  obtained  from  the  rock 
dump  of  the  Starkville  mine  (mine  No.  10,  PL  I, 
in  pocket),  and  plants  belonging  to  the  Raton 
flora  were  found  in  several  places  in  the  rocks 
above  the  conglomerate;  but  few  were  col- 
lected. 

Fossil  plants  from  mine  at  Starkville^  Colo. 
[U.  S.  Oeol.  Survey  fossil  locality  5707.] 

Ficus  praetrinervis  Knowlton. 
Ficus?  starkvillensis  Knowlton. 
Sabal  montana  Knowlton. 
Sequoia  reichenbachi  (Geinitz)  Heer. 
Sequoia  obovata  Knowlton. 

The  fossils  found  in  the  Raton  formation 
near  Starkville  are  poorly  preserved  and  few 
were  collected.  Cinnamomum  linifolium  Knowl- 
ton was  obtained  near  the  base  of  the  forma- 
tion (U.  S.  Geol.  Survey  fossil  locality  5796) 
and  Magnolia  angustifolia  Newberry  from  about 
200  feet  above  the  base  (U.  S.  Geol.  Survey 
fossil  locality  5797). 

SOPRIS. 

LOCALITT  101  (PIEDMONT  MINE). 

Between  Starkville  and  the  Piedmont  mine 
(locality  No.  101)  the  rocks  are  not  well  ex- 
posed. The  short  section  of  the  Vennejo  for- 
mation given  below  was  obtained  from  the 
records  of  J.  E.  McLaugldin,  who  opened  this 
mine.  This  section  seems  to  include  less  than 
half  of  the  thickness  of  the  Vermejo  formation. 


Section  of  rocks  measured  at  the  Piedmont  mine  at  local 
101  f  about  1  mile  east  of  Sopris^  Colo. 

[For  graphic  section  see  PI.  XII,  p.  118.] 

Vermej o  formation :  Ft . 

Coal 3 

Shale  and  sandstone 27 

Coal 2 

Shale  and  sandstone 16 

Coal 1 

Sandstone  and  shale 12 

Coal 2 

Sandstone,  white 20 

Coal  (Piedmont  bed).... 6 

Trinidad  sandstone. 
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LOCALITY  102  (LA  BELLE  MIHE). 


At  the  La  Belle  mine^  ahout  half  a  mi 
southwest  of  the  Piedmont  mine,  a  coal  bed 
feet  thick,  known  as  the  Sopris  coal,  has  bee 
opened,  which,  according  to  measuromon 
made  by  the  mine  engineers,  is  separated  fro 
the  Trinidad  sandstone  by  an  interval  of  1* 
feet.  Near  the  mouth  of  the  mine  the  has 
conglomerate  of  the  Raton  formation  was  o 
served  a  few  feet  above  this  coal  bed.  Tl 
conglomerate  consists  of  a  groundmass  of  dai 
muddy  sand  in  which  are  embedded  irregul; 
masses  of  clay  shale,  small  bits  of  carbonize 
wood  (dull  black,  Uke  charcoal),  larger  fra 
ments  of  bright  vitreous  coal,  Uke  that  ( 
which  the  conglomerate  rests,  and  pebbles 
chert  an  inch  or  more  in  diameter. 

Section  of  rocks  measured  in  La  Belle  mine  at  locality  It 

near  Sopris y  Colo. 

[For  graphic  section  see  PI.  XII,  p.  118.] 

Raton  formation : 

Conglomerate. 
Unconformity. 

Vermejo  formation:  Ft. 

Coal,  overlain  by  thin  shale 6 

Not  exposed 62 

Sandstone 20 

Not  exposed 20 

Coal 1 

Sandstone 12 

Coal 1 

Sandstone 23 

Shale 3 

Coal 

Shale 6 

Coal 

Shale 12 

Coal  (Piedmont  bed) 6 

Shale 2 

,  Trinidad  sandstone. 
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No  satisfactory  observations  were  made  at 
the  outcrop  near  Sopris,  but  many  diamond- 
drill  holes  have  been  put  down  near  by,  and 
these,  if  correctly  interpreted,  show  that  the 
Sopris  coal  bed  occurs  170  to  200  feet  above  the 
Trinidad  sandstone,  the  altitude  varying  ac- 
cording to  location.  No  mention  of  the  con- 
glomeratic sandstone  is  made  in  the  drill  rec- 
ords and  its  position  in  section  102a  of  Plate 
XII  (p.  118)  can  not  be  definitely  fixed.  Its 
occurrence  at  the  La  Belle  mine  above  the 
Sopris  coal  and  its  occurrence  above  the  same 
bod  west  of  Sopris  indicate  that  it  will 
probably  be  found  near  Sopris  in  a  similar 
position.  This  section  is  included  in  Plate  XII 
not  so  much  for  the  purpose  of  showing  the  po- 
sitions of  the  lower  coal  beds,  which  are  equally 
well  shown  in  neighboring  locaUties  where  the 
line  of  separation  between  the  Vermojo  and  the 
Raton  formations  can  be  drawn,  as  for  the  pur- 
pose of  showing  the  occurrence  of  the  so-called 
''barren  series,'*  which  here  consists  mainly  of 
sandstone,  and  the  occurrence  above  it  of  coal 
beds  which  are  probably  to  be  correlated  in  a 
general  way  with  the  Yankee  and  BriUiant  coals 
of  the  Raton  field  to  the  south. 

HiUs  has  published  ^*^  the  record  of  a  bore 
hole  near  Sopris  which  is  comparable  with  the 
sections'  published  in  this  paper,  except  that  it 
does  not  recognize  two  coal-bearing  formations. 
Apparently,  his  24-foot  sandstone,  near  the  top 
of  the  section,  is  the  lowest  member  of  the 
Raton  formation,  although  no  mention  is  made 
of  its  being  conglomeratic.  This  is  not  strange 
in  view  of  the  fact  that  in  the  vicinity  of  Sopris 
the  base  of  the  Raton  is  only  locally  conglom- 
eratic, and  the  driU  might  easily  go  through  it 
without  roveahng  its  conglomeratic  character. 
This  sandstone  is  about  260  feet  above  the 
Trinidad  as  compared  with  255  feet  in  section 
102a  of  Plate  XII  and  247  feet  in  section  103. 
The  highest  coal  bed,  probably  the  Sopris  coal, 
is  260  foot  above  the  Trinidad  as  compared 
with  220  foot  in  section  102a  and  240  feet  in 
section  103. 

About  a  mile  west  of  Sopris  in  a  railroad  cut 
the  conglomeratic  sandstone  is  coarse  and 
massive.  The  rock  consists  of  a  groundmass 
of  muddy  sand  in  which  are  embedded  small 
masses  of  clay  shale,  bits  of  carbonized  wood, 
and  pebbles,  mainly  of  chert,  up  to  2  inches  in 
diameter.    The  most  conspicuous  occurrence 


of  this  conglomerate  near  Sopris  is  in  the  first 
south-side  gulch  west  of  the  town  near  mine 
No.  16  of  the  accompanying  map.  In  the  rail- 
road cut  just  west  of  this  gulch  the  sandstone 
is  not  so  coarsely  conglomeratic,  but  rests  un- 
conformably  on  the  Vermejo.  (See  PI.  XIII, 
A,  B,)  A  small  fault  with  a  throw  of  about  4 
feet  at  this  point  displaces  the  Vermejo  beds 
but,  so  far  as  could  be  determined,  not  the 
overlying  conglomerate.  (See  PI.  XIII,  B.) 
Apparently  the  faulting  took  place  before  the 
conglomerate  was  deposited. 

Farther  west  the  rocks  are  well  exposed  in 
several  places.  The  basal  sandstone  of  the 
Raton  formation  was  traced  in  the  south  wall 
of  Purgatoire  Canyon  for  more  than  a 
mile  before  it  was  again  found  to  be  notably 
conglomeratic;  but  west  of  Long  Canyon,  at 
the  pohit  where  the  line  of  outcrop  of  the  Sopris 
coal  crosses  the  Purgatoire  River,  near  mine 
No.  22  (PI.  I,  in  pocket),  this  conglomerate 
is  10  feet  above  the  coal  bed.  The  following 
fossil  plants  belonging  to  the  Raton  flora  were 
obtained  from  the  overlying  rocks  50  to  150  feet 
above  the  conglomerate: 

Fossil  plants  from  Purgatoire  Canyon  south  of  Cokedale, 

Colo. 

[U.  S.  Geol.  Survey  fossil  localities  5704  and  5795.] 

Magnolia  angustifolia  Newberry. 

Magnolia  lesleyana  (Lesquereux). 

Nyssa  lanceolata  Lesquereux. 

Palmocarpon  palmarum  (Lesquereux)  Knowlton. 

Sabal?  ungeri  (Lesquereux)  Knowlton. 

FossU  wood,  which  has  not  yet  been  described, 
was  collected  from  the  rock  dump  of  Mc- 
Laughlin mhie  No.  22. 

At  Primero  a  good  collection  of  fossil  plants 
was  made,  principally  from  the  rock  dump  of 
the  mine.  The  coal  is  one  of  the  higher  beds  of 
the  Raton  fonnation,  lying  probably  600  feet 
or  more  above  the  base  of  the  formation. 

Fossil  plants  from  Primero  j  Colo. 

[11.  S.  Geol.  Survey  fossil  locality- 67«8.] 

Apocynophyllum  wilcoxenais  Berry 
Asplenium?  primero  Knowlton. 
Celastms  serratus  Knowlton. 
Juglans  acuminata  Alexander  Braun 
Juglans  berryi  Knowlton. 
Juglans  rugosa  Lesquereux. 
Magnolia  leei  Knowlton. 
Populus  neotremuloides  Knowlton. 
Sapindus  affinis  Newberry. 


I.  3.  OEOLOOICAL  aURVEV  PROFESSIONAL  P 


SOUTH  WALL  OF  PURQATOIRE  CANYON,  NEAR  80PRIS,  COLO. 

;  li,  near  view.     V,  Verinejo  (ormation ;    U,  unconformity;    R',  basal  conBlomerale  of  the  F 


I.  s.  QEOLoaic*L  SURVEY  pBOFEawoHfcL  p. 


P,  Pierre  shale;  T,  Trinidad  sandstone;  V,  Vermejo  formation. 
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REILIiT  CAmrON. 


LOCALITY  103. 


Near  the  mouth  of  ReiUy  Creek  conglomer- 
ate was  observed  in  several  places  above  the 
Cokedale  coal  bed  (believed  to  be  the  same  as 
the  Sopris  coal).  About  a  mile  west  of  the 
mouth  of  Reilly  Creek  the  conglomerate  is  15 
feet  above  this  coal  bed,  but  east  of  the  mouth 
it  rests  directly  upon  the  coal,  with  an  uneven 
base  that  in  places  cuts  well  down  mto  the 
coal.  The  base  of  the  Vermejo  formation  is  not 
exposed  here,  but  its  thickness  is  known  from 
many  drill  prospects  in  this  part  of  Purgatoire 
Valley.  In  the  following  representative  record 
the  &-foot  coal  bed,  about  240  feet  above  the 
Trinidad  sandstone,  is  the  one  developed  in  the 
Cokedale  mine,  which  is  known,  from  obser- 
vations made  at  the  outcrop,  to  lie  directly  un- 
der the  basal  conglomerate  of  the  Raton  for- 
mation. There  is  nothing  in  the  drill  record 
to  show  where  the  conglomerate  occurs,  but 
from  the  relations  observed  at  the  surface  it 
seems  probable  that  the  lowest  member  of  the 
Raton  formation  is  the  18-foot  sandstone 
above  the  Cokedale  coal. 

No  satisfactory  measurement  of  the  Vermejo 
formation  was  obtained  west  of  Reilly  Canyon, 
and  it  may  be  in  place  here  to  call  attention 
again  to  the  general  thickening  of  this  forma- 
tion westward.  From  Gray  Creek  to  Reilly 
<7anyon,  a  distance  of  about  10  miles,  it  in- 
creases in  a  more  or  less  imiform  manner  from 
77  to  247  feet. 

Record  of  rocks  penetrated  by  diamond  drill  ntar  Purgatoire 
River^  about  7  miles  west  of  Trinidad^  Colo, 

[For  graphic  section  see  PI.  XH,  p.  118.) 

Haton  formation:  Ft.  in. 

Surface 10  0 

Sandstone 21  0 

Sandstone  and  shale 84  0 

Sandstone 7  0 

Coal 9 

Sandstone  (probably  conglomeratic) 18  3 


Vermejo  formation: 
Shale 


141      0 


2  0 

Coal  (Cokedale  bed) 5  q 

Sandstone 5  0 

Coal 1  3 

Shale 1  0 

Sandstone  and  shale 20  9 

Coal 1  6 

Sandstone  and  shale 7  6 

Coal 9 

Sandstone  and  shale 18  3 


Vermejo  formation — Continued.  Ft.  in. 

Sandstone 20  0 

Shale,  black 18  0 

Sandstone  and  shale 40  0 

Coal 4  2 

Sandstone  and  shale 3  10 

Coal 1  8 

Sandstone  and  shale 8  4 

Coal 2  0 

Sandstone  and  shale * 3  0 

Coal 5  0 

Sandstone  and  shale 1  0 

Coal 6 

Sandstone  and  shale 19  6 

Coal 3  3 

Sandstone  and  shale 6  9 

Coal 3  6 

Sandstone  and  shale 13  6 

Sandstone 8  0 

Coal 1  6 


Trinidad  sandstone. 


226      6 
30+ 


397-1- 

Fossil  plants  belonging  to  the  Vermejo  flora 
were  collected  from  the  rock  dump  of  the  Coke- 
dale mine  (U.  S.  Geol.  Survey  fossil  locality 
5698).  Very  perfect  specimens  of  Ficus  spe- 
ciosissima  Ward  were  found  and  with  them 
fragments  of  palms.  In  the  roof  of  the  mine  a 
nearly  perfect  impression  of  a  palm  leaf  3  feet 
wide  and  about  4  feet  long  (includmg  the  stem) 
was  found.  The  rachis  was  traceable  through 
half  the  length  of  the  leaf.  From  a  photograph 
the  species  is  determined  as  probably  Sabdl? 
uryjeri  (Lesquereux)  Knowlton. 

Several  small  collections  of  fossil  plants  be- 
longing in  the  Raton  flora  were  made  near  Coke- 
dale from  the  lower  200  feet  of  the  formation. 
The  location  of  the  collections  is  indicated  on 
Plate  I  (in  pocket) .  The  lots  are  combined  as 
follows: 

Fossil  plants  collected  from  the  lower  part  of  the  Raton  for- 

mation  near  Cokedale,  Colo. 

[U.  S.  OeoL  Sunrey  fossil  localities 5699, 5108, 5104, 5700, 5701, 5702, 5703.] 

Anemia  hesperia  Knowlton. 
ApocynophyHum  wilcoxensis  Berry, 
Alalia  coloradensis  Knowlton. 
Aralia?  serrata  Knowlton. 
Artocarpus  similis  Knowlton. 
Ficus  praetrinervis  Knowlton. 
Magnolia  hilgardiana  (Lesquereux)  Berry. 
Magnolia  magnifolia  Knowlton. 
Platanus  aceroides  Goppert. 
Platanus  raynoldsii  Newberr>'. 
Sabal?Mingeri  (Lesquereux)  Knowlton. 
Vitis?  platanifolia  Knowlton. 
Viburnum  speciosum  Knowlton. 
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PUROATOIRB  CANYON. 

LOCALZTT  lOi. 

In  the  north  wall  of  Purgatoire  Canyon,  near 
Sopris,  the  basal  conglomerate  of  the  Raton  for- 
mation is  more  or  less  conspicuous  and  is  easily- 
followed,  but  the  imderlying  beds  of  coal  and 
shale  are  more  difficult  to  trace  because  of  rock 
debris  and  soil  on  the  slopes  along  the  outcrop 
of  these  weaker  rocks.  At  locality  104,  li 
miles  east  of  ReiUy  Canyon,  the  conglomerate 
lies  imconformably  upon  coal,  but  apparently 
this  coal  is  not  the  same  bed  as  that  exposed 
beneath  the  conglomerate  near  the  mouth  of 
Reilly  Canyon.  The  Yocks  above  the  conglom- 
erate consist  mainly  of  yellow  sandstones,  but 
were  not  examined  in  detail.  Tliose  below  the 
conglomerate  consist  of  the  coal-bearing  shales 
and  soft  sandstones  characteristic  of  the  Ver- 
mejo  formation  but  are  not  exposed  well 
enough  for  satisfactory  measurement.  The 
thickness  of  the  Vermejo  beds  could  not  be  as- 
certained here,  but  the  following  short  section 
is  given  for  comparison  with  the  more  complete 
one  measured  at  locality  105: 

Seclion  of  rocks  measured  at  locality  104  tw  the  north  wall  of 

Purgatoire   Canyon  aboui  1   mile  northwest  of  SopriSy 

Colo. 

[For  graphic  section  see  PI.  XH,  p.  118.) 

Raton  formation:  Foet. 

Sandstone,  yellow,  flaggy;  fossiliferous'. 100+ 

Sandstone,  conglomeratic 5 

105 
Unconfonnity.  == 

Vermejo  formation: 

Coal  and  carbonaceous  shale 5 

Sandstone,  white,  coarse  grained,  friable 18 

Shale,  black,  and  coal-bearing  sandstone.  

23 
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LOCALITY  lOS. 


At  locality  105,  opposite  Sopris,  a  section 
including  the  Trinidad  sandstone,  the  Vermejo 
formation,  and  the  hasal  conglomerate  of  the  Ra- 
ton formation  is  well  exposed  in  the  north  wall 
of  Purgatoire  Canyon.  The  Vermejo  formation 
is  here  161  feet  thick  and  contains  seven  beds  of 
coal.  The  bed  underlying  the  conglomerate  at 
locaHty  104  was  not  found  here  and  was  prob- 
ably eroded  away  before  the  disposition  of  the 
conglomerate.  The  Vermejo  beds  tliin  toward 
the  east  in  Purgatoire  Canyon,  and  in  the  3 
miles  between  Reilly  Canyon  and  locaUty  105 
the  thickness  has  decreased  from  247  to  161 
feet  and  the  number  of  coal  beds  from  11  to  7. 


The  conglomerate,  which  is  exceptionally  coarse 
in  places,  lies  unconformably  on  the  lower  beds, 
is  quartzose,  very  hard,  and,  because  of  its 
resistance  te  erosion,  forms  a  broad  shelf,  the 
edge  of  which  is  shown  at  the  top  in  Plate  XIV, 
B.  It  varies  considerably  in  thickness  and 
character  within  short  distances.  In  some 
places  it  is  an  ordinary  sandstone,  not  notably 
diflFerent  from  other  sandstones  in  the  same 
region.  In  other  places  it  consists  of  an  ad- 
mixture of  clean  white  sand  and  muddy  sand, 
such  as  characterizes  the  base  of  the  Raton  for- 
mation in  many  places  throughout  the  Raton 
Mesa  region,  and  yields  large  boulders  with 
rough,  craggy  surface,  similar  to  those  previ- 
ously described  from  Morley.     (See  p.  119.) 

The  pebbles  contained  in  this  rock  give  prob- 
ably the  best  proof  that  it  belongs  at  the  base 
of  the  Raton  formation.  They  have  a  maxi- 
mum diameter  of  about  an  inch,  consist  mainly 
of  quartz  and  chert,  and  are  very  irregularly 
distributed.  In  some  places  they  are  found  in 
small  pockets  or  lenticular  masses  a  few  inches 
to  a  foot  or  more  thick,  and  in  other  places 
they  are  scattered  sparsely  through  a  con- 
siderable thickness  of  the  rock  mass,  but  they 
are  usually  found  at  or  near  the  base  of  the 
sandstone.     The  section  follows: 

Section  of  rocks  measured  at  locality  JOS  in  the  north  wall  of 
Purgatoire  River  opposite  Sopris,  Colo, 

[For  graphic  section  aee  PI.  XII,  p.  118.] 

Raton  formation:  Ft.  in. 

Sandstone,  locally  conglomeratic 13  0 

Unconformity.  =^= 

Vermejo  formation: 

Sliale,  sandy 2  0 

Sandstone,  white 15  0 

Shale,  drab 25  0 

Sill  of  igneous  rock,  decomposed 1  0 

Coke 1  0 

Sill,  decomposed 1  0 

Coke 1  a 

Shale,  drab 5  0 

Sandstone,  yellow,  thin  bedded 12  0 

Coal../. 3  0 

Sandstone,   thin   bedded,   ^vith  partings  of 

shale 28  0 

Sill  of  igneous  rock 2  0 

Coal 5 

Shale,  drab 18  0 

Coal 3 

Sandstone,   thin   betlded,   with  partings  of 

sandy  shale 11  0 

Coal 2  0 

Sandstone,  white,  massive,  soft,  very  friable, 

rather  coarse  grained 21  0 

Coal 2  a 
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Vennejo  fonnation — Continued.  Ft.  in. 

Shale,  black 5  0 

Coal 1  6 

Covered 4  0 

Trinidad  sandstone.  • 

161      2 


174 


Fossil  wood  not  yet  described  was  found  at 
this  locality  about  50  feet  above  the  base  of 
the  Vennejo  formation. 


TRINIDAD. 


LOCALITY  106. 


The  Vennejo  fonnation,  containing  several 
beds  of  coal,  was  observed  in  Colorado  Canyon 
about  2  miles  north  of  localitv  105  but  was  not 
examined  in  detail.  Also,  the  basal  conglom- 
erate of  the  Raton  fonnation  was  found  in  this 
canyon  above  the  highest  observed  coal.  These 
beds  were  followed  thence  eastward  along  the 
outcrop  to  an  abandoned  mine  (No.  20,  PL  I, 
in  pocket)  3  miles  in  a  straight  line  from 
locality  105,  where  the  last  section  was  meas- 
ured. Here  the  base  of  the  Raton  formation 
consists  of  a  sandstone  that  is  hard  and 
quartzose  and  otherwise  similar  to  the  basal 
sandstone  in  many  other  places  but  that  was 
not  observed  to  be  conglomeratic.  The  follow- 
ing section  was  measured  on  the  east  side  of  the 
ridge  separating  this  old  mine  from  locality  106: 

Section  of  rocks  measured  at  locality  106,  northwest  of 

Trinidadj  Colo. 

[For  graphic  section  see  PI.  XII,  p.  118.) 

Raton  fonnation:  Ft.    in. 

Sandstone,   yellow,   massive,   cliff   making, 

fosailiferous 35      0 

Covered 38      0 

Sandstone,  massive,  coarse  grained,  promi- 
nent ledge  (probably  the  conglomeratic 
sandstone  of  neighboring  sections) 18      0 


Vennejo  formation: 


91      0 


Shale,  drab 10  0 

Coal 2  6 

Sandstone,  yellow,  shaly ,  thin  bedded 27  0 

Shale,  drab C  0 

Coal 1  0 

Shale,  drab  to  yellow,  sandy 20  0 

Coal 1  3 

Shale,  drab 4  0 

Coal 3  0 

Shale,  drab 10  0 

Shale,  yellow,  sandy C  0 

Coal 3 

Shale,  sandy 16  0 

Coal 3  0 


Vermejo  formation — Continued.  Ft.  in. 

Covered 12  0 

Sandstone,  yellowish  white,  massive,  fria- 
ble   10  0 

Coal 8 

Sandstone,  yellow,  shaly 6  0 


138      8 

Trinidad  sandstone 100± 

Pierre  shale: 

Transitional  zone. 

Shale.  == 

229  ± 

G.  B.  Richardson  found  Palmocarpon  pdl- 
jnarum  (Lesquereux)  Knowlton  near  the  base  of 
the  Raton  formation  (U.  S.  Geol.  Survey  fossil 
locality  5097)  at  this  locality;  and  the  present 
writer  collected  the  following  species  from  the 
same  formation  about  200  feet  above  the  base 
of  the  Raton  formation: 

/'ossil  plants  from  the  Raton  formation  at  locality  106 ,  west 

of  Trinidad y  Colo. 

[V.  S.  Geol.  Survey  fossil  locality  6097.] 

Anemia  hesperia  Knowlton. 
Ficus  schimperi  Lesquereux. 
*    Juglans  rugosa  Lesquereux. 
Magnolia  angustifolia  Newberry. 
Magnolia  cordifolia  Lesquereux. 
Magnolia  lesleyana  (Lesquereux)  Berry. 
Magnolia  magni folia  Knowlton. 
Sabal?  imgeri  (Lesquereux)  Knowlton. 

At  about  the  same  horizon  3  miles  farther 
northwest  (U.  S.  Geol.  Survey  fossil  locality 
5100)  Richardson  found  Juglans  nigeUa  Heer; 
and  about  one-half  mile  south  of  this  locality 
(U.  S.  Geol.  Survey  fossil  locality  5098)  he 
found  Abietites  dubius  Lesquereux  and  RTinm- 
nus  salicifoliust  Lesquereux  near  the  top  of 
the  Vennejo  formation. 

POWELIi  ARROYO. 

LOCALITY  107. 

Three  miles  farther  north,  in  Powell  Arroyo, 
at  locality  107,  a  mine  has  recently  been  opened 
in  one  of  the  lowest  beds  of  coal.  The  section 
given  below  was  measured  by  the  superintend- 
ent in  charge  of  the  development  work.  The 
measurements  from  the  base  of  the  coal  meas- 
ures up  to  the  conglomerate  were  verified  by 
the  writer  in  the  field,  except  that  none  of  the 
higher  coals  was  found.  They  are  included  in 
the  section  as  it  was  reported  by  the  superm- 
tendent.  From  this  section  it  appears  that  the 
Vennejo  fonnation  is  here  about  98  foet  thick 
as  compared  with  247  feet  in  the  Purgatoire 
Valley  and  that  the  coal  beds  are  correspond- 
ingly fewer  in  number. 
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Section  of  rocks  measured  in  Powell  Arroyo  at  locality  107, 

northwest  of  Trinidad,  Colo, 

[For  graphic  section  see  PI.  XII,  p.  118.] 

Raton  formation: 

Sandstone  (not  measured).  Ft.     in. 

Coal  (streak). 

Sandstone  and  shale 35      0 

Coal,  dirty 2± 

Sandstone  and  shale 65      0 

Coal 3      6 

Sandstone,  locally  conglomeratic  at  base 25      0 


Unconformity. 
Vermejo  formation : 
Coal 


130      6 


Shale  and  sandstone 25 

Basalt 3 

Shale 6 

Coal 3± 

Shale  and  sandstone 52 

Coal 4± 

Shale ;.      1 


6 
0 
0 
0 

0 

0 


98      6 

Trinidad  sandstone 100± 

Pierre  shale: 

Transitional  zone. 

Shale.  == 

329  ± 

Near  this  locality  Richardson's  party  collected 
Brachyphyllum  cf.  B.  macrocarpum  Newberry, 
Abietites  dubius  Lesquereux,  and  a  form  doubt- 
fully identified  as  Palmocarpon  jxdmarum  Les- 
quereux near  the  top  of  the  Vermejo  (U.  S. 
Geol.  Survey  fossil  locality  5110)  and  the 
following  list  of  fossil  plants  from  the  Raton 
formation: 

Fossil  plants  collected  in  Powell  Arroyo,  northwest  of  Trini- 
dad, Colo. 

{V.  S.  Oeol.  Survey  fossil  localities  5111,  5005,  and  5112.] 

Apocynophyllum  wilcoxensis  Berry. 
Magnolia  magnifolia  Knowlton. 
Palmocarpon  palmarum  Lesquereux. 
Sabal?  ungeri  (Lesquereux)  Knowlton. 
Ulmus  sp. 

LOCALITY  108. 

At  an  abandoned  mine  (No.  50,  PI.  I,  in 
pocket)  in  the  gulch  about  a  mile  east  of  locaUty 
107  a  small  collection  of  fossil  plants  was  made. 
This  mine  is  located  on  the  highest  coal  bed  of 
the  Vermejo  formation,  a  few  feet  below  the 
conglomerate  sandstone  that  constitutes  the 
base  of  the  Raton  formation.  Volcanic  rock 
has  been  intruded  into  the  sedimentary  rocks 
at  this  locality  and  has  disturbed  them  to  some 
extent,  but  near  the  mouth  of  the  gulch,  about 
one-fourth  mile  south  of  the  old  mine,  the  con- 


glomeratic sandstone  is  well  developed  and  the 
Vermejo  is  about  83  feet  thick,  as  shown  in  the 
section.  Surface  indications  of  coal  were  found 
at  three  horizons,  and  doubtless  the  three  coab 
shown  in  section  107  occur  here,  but  their 
thicknesses  were  not  determined. 

Section  of  rocks  measured  in  Powell  Arroyo  at  locality  108 

north  of  Trinidad,  Colo. 

[For  graphic  section  see  PI.  XII,  p.  118.] 

Raton  formation:  i^0t 

Sandstone,  coarse  grained,  quartzoee,  with  con- 
torted laminae,  contains  pebbles  of  quartz  and 
chert  up  to  a  quarter  of  an  inch  in  diameter. . .  10+ 


Unconformity. 

Vermejo  formation: 

Sandstone  and  shale,  coal  bearing 25 

Sheet  of  igneous  rock 3 

Sandstone  and  shale,  coal  bearing 55 


83 
Trinidad  sandstone 93± 

Fossil  plants  of  the  Vermejo  formation  iden- 
tified as  Sequoia  reicJienbachi  (Geinitz)  Heer  and 
Ficus  vxirdii  Kjiowlton  were  collected  from  the 
roof  shale  of  the  old  mine  (U.  S.  GeoL  Survey 
fossil  locality  No.  5694). 

BOWBM'. 

LOGALITT  in. 

Two  miles  farther  east  the  coal-bearing  rocks 
were  examined  near  Bowen,  at  locality  109. 
The  lower  35  feet  of  the  Vermejo  formation  is 
not  well  exposed  at  this  locaUty.  The  super- 
intendent of  the  mine  informed  the  writer  that  a 
coal  bed  18  to  20  inches  thick  occurs  near  the 
base,  but  its  exact  position  in  the  section  was 
not  determined.  This  doubtless  is  the  coal  that 
is  opened  in  Powell  Arroyo,  at  locality  107, 
near  the  base  of  the  Vermejo.  The  coal 
developed  in  the  Bowen  mine  is  35  feet  above 
the  top  of  the  Trinidad  sandstone,  and  is  the 
only  coal  of  any  considerable  thickness  at  this 
locality.  Near  the  mine  opening  a  few  feet  of 
shale  and  a  thin  bed  of  coal  occur  between  the 
main  coal  and  an  overlying  sandstone,  idiich 
is  massive  and  coarse  grained  and  rests  with 
uneven  base  on  the  shale.  It  is  mottled  with 
inclusions  of  clay,  as  in  many  places  in  the  basal 
member  of  the  Raton  formation,  and  it  contains 
fragments  of  carbonized  wood.  The  quartzose 
character  is  inconspicuous  here  but  in  some 
places  near  the  mine  pebbles  about  one4ourth 
inch  in  diameter  were  found  in  it. 
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In  some  parts  of  the  mine  a  sandstone,  which 
may    be    the    conglomeratic    sandstone    just 
described,  rests  on  the  main  coal.     In  other 
parts  of  the  mine  shale  separates  this  sandstone 
from  the  coal.     Fossil  plants  (Myrica  torreyi 
Lesquereux,    Ficvs  speciosissima   Ward,    and 
Sabalf  ungeri  (Lesquereux)    Knowlton)  were  ' 
collected  from  the  roof  shale  and  from  the  mine 
dump  (U.  S.  Geol.  Survey  fossil  locality  5692).  i 
These  belong  in  the  Vermejo  flora.     An  uniden- 
tified palm  and  other  fragments  of  fossil  leaves  ' 
seemed  to  b'elong  in  the  Raton  flora.     As  the 
top  of  the  coal  marks  the  line  of  separation  it  is  ' 
probable  that  plants  of  both  floras  may  be  ' 
found  in  the  mine  dump. 

The  rocks  above  the  conglomerate  are  fairly 
well  exposed  near  the  Bowen  mine  and  were 
searched  for  coal  beds,  but  no  coal  was  found. 
The  rocks  consist  mainly  of  massive  sandstone, 
such  as  occurs  throughout  the  Raton  Mesa 
region  in  the  lower  part  of  the  Raton  formation, 
and  their  assignment  to  that  formation  is  con- 
firmed by  the  occurrence  in  them  of  fossil  plants 
belonging  to  the  Raton  flora.  The  section 
follows: 


Ft.        in. 


SecHon  of  rocks  measured  at  locality  109,  Bowen,  Colo, 
[For  graphic  section  see  PI.  XIT,  p.  118.] 

Raton  formation: 

Sandstone,  friable  and  white  in  some  places, 

hard    and    quartzose    in    other    places, 

locally  conglomeratic,  and  mottled  with 

inclusions  of  clay  and  pieces  of  charcoal. 

Unconformity. 

Vermejo  formation: 

Coal 8 

Shale 5± 

Coal  (Bowen  mine) 8± 

Shale,  with  18  to  20  inches  of  coal  near  base .     35         0 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


48  ± 
100  ± 


148  ± 


A  weU-exposed  section  one-half  mile  south  of 
Bowen  mine  was  examined  by  G.  B.  Richard- 
son,** who  has  furnished  tho  following  section 
for  use  in  this  report: 

Steiion  cf  rocks  measured  by  G.  B.  Richardson  half  a  mile 

south  of  Bowen,  Coh. 

Ft.      in. 

Sandstone,  brown,  soft,  massive 70-f 

Sandstone  and  shale,  buff -colored,  thin  bedded, 

fossiliferous 1C5      0 

Sandstone,  light  brown,  fossiliferous 20      0. 

Coal 6 

47010"— 17 9 


Ft.    in. 

Sandstone  and  shale,  thin  bedded 35      0 

Coal  and  carbonaceous  shale 12      0 

Sandstone  and  shale,  thin  bedded,  in  alternat- 
ing layers;  three  thin  beds  of  coal  near  the 
middle  and  thinner-bedded,  light-brown  sand- 
stone at  the  base 70      0 

Sandstone    (Trinidad)    containing    Ualymenites 

Tna/or  Lesquereux 75      0 

Sandstone  and  shale  in  alternating  layers  grad- 
ing into  the  massive  sandstone  above  and  into 
the  shale  below.    (Included  in  Pierre  shale.) . . .  125      0 

Shale  (Pierre).  •  

572 -f 

Richardson  made  no  attempt  to  separate  the 
coal-boariiig  rocks  into  two  formations,  but  the 
conditions  observed  at  neighboring  locaUtios 
leave  Uttlo  doubt  that  tho  20-foot  sandstone 
denotes  the  base  of  the  Raton  formation.  This 
locahty  was  somewhat  hurriedly. examined  by 
tho  writer  a  year  before  the  investigation  was 
made  that  resulted  in  the  separation  of  the 
coal-bearing  rocks  in  this  vicinity  into  two  for- 
mations, and  it  was  noted  that  this  sandstone 
had  contorted  laminae  and  was  coarse  grained 
and  cross-bedded.  It  varies  considerably  in 
thickness  within  short  distances,  and  in  some 
places  rests  with  uneven  base  on  shale.  It 
forms  a  well-marked  shelf  in  the  side  of  the 
mesa.  In  tho  rocks  below  this  sandstone  was 
found  a  fossil  conifer.  Sequoia  obovaUi  Knowl- 
ton, a  species  that  occurs  very  generally  in  the 
Vermejo  formation.  In  tho  20-foot  sandstone 
were  found  two  species  of  palm,  one  with  broad 
stem  and  one  with  narrow  stem  such  as  were 
found  in  many  places  near  the  base  of  the 
Raton,  and  immediately  above  this  sandstone  a 
considerable  number  of  plants  belonging  to  the 
Raton  flora.  According  to  Richardson's  meas- 
urement this  sandstone  is  117  foot  above  the 
Trinidad  sandstone,  somewhat  more  than 
would  be  expected  in  view  of  tho  fact  that  at 
locahty  108,  about  2  miles  to  tho  west,  tho  con- 
glomerate with  which  it  is  provisionally  corre- 
lated is  only  85  feet  above  tho  Trinidad,  and  at 
Bowen  mine,  one-half  mile  to  the  north,  it  is 
less  than  50  foot.  This  difference  may  be  due 
in  some  measure  to  difforeuco  of  opinion  as  to 
what  constitutes  tho  top  of  tho  Trinidad  sand- 
stone. The  writer  included  in  tho  Trinidad  tho 
sandy  layers  betwooii  tho  massive  sandstone 
and  the  lowest  bed  of  coal,  which  Richardson 
sooms  to  refer  to  tho  coal  measures. 

Tho  fossil  plants  collected  mainly  by  G.  B. 
Richardson's  party  above   tho   20-foot  sand- 
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stone  all  belong  to  tho  Raton  fiora  and  are  as 
follows : 

Fotiil  planU  eolleeted  ntar  Bouwn,  Cota. 

|U.  S.  OeoL  Survey  rmsJl  loralllles  57M,  JIOZ.  GMM.  ind  MM.] 

AliBmaphyllum  cmasitolium  KnowltOD. 

Anemia  hexperia  Koo^lton. 

Cinnamomum  tnissiBBippienaia?  Leaquereux. 

Magnolia  hilgiirdUna  (Lesquereux). 

PalaeoBater  inquireada  Knowlton. 

PalmocarpOD  palmanun  (Leequereux)  KnowltoD. 

Sabal?  leei  Knowlton. 

Sabal?  ungeri  (Leequereux)  Knowltoa. 
The  PieiTo  sbalu  is  well  exposed  south  of 
Bowen,  whore  it  yielded  several  small  collec- 
tions of  fossils  at  localities  denoted  on  Plato  I 
{in  porkot)  by  the  United  States  Geological 
Survey  fossil  locahty  numbers. 

6565.  Invertebiatea  near  Bowen,  Colo.,  from  a  horisoD 
ISO  (eet  below  the  top  of  the  Pierre  ahale  (collected  by 
G.  B.  Richardson's  party). 

Baculit«8  comprcesuB  Say. 

Inoceramus  aageiiBia  Owen. 

Scaphit«fl  nodoeUB  Owen. 
5565a.  iDvertebnitee  from  a  horizon  276  feet  below  the 
top  of  the  Pierre  shale,  near  Bowen,  Colo,  (collected  by 
Q.  B.  Richardson'a  party). 

Baculiteti  compreasua  Say. 

Baculitex  ovatus  Say. 

Inoceramua  barabini  Morton. 

Inoceramua  sagensis  Owen. 

InoceramuB  vanuxem!  Meek  and  HaydenT 
5667.  Invertebrates  from  the  Pierre  shale  at  a  qiuury 
north  of  Trinidad,  Colo,  (collected  by  G.  B.  RichArdaon's 
party). 

Inoceramua  barabini  Morton, 

Inoceramua  vanuxemi  Moek  and  Hayden? 

Oatrea  ap, 

6511.  Pierre  fossils  collected  near  the  fair  grounda,  about 
2  miles  northeast  of  Trinidad,  Colo. 

Inoceramua  sagenaia  Owen. 
Inoceramua  vanuxemi  Meek  and  Hayden? 
Scaphitea  nodosus  Owen. 
Mososaurus  sp. 

6512.  Invertebrates  from  the  top  of  the  Pierre  shale, 
about  1  mile  south  of  Bowen,  Colo. 

Baculites  ovatus  Say. 
Inoceramua  aagenuie  Owen. 
The  Trinidad  sandstone  is  probably  as  con- 
spicuous between  Trinidad  and  Bowen  as  it  is 
anywhere  in  the  Raton  Mesa  region.     It  forms 
a  broad  shelf,  which  is  usually  terminated  by  a 
precipitous  cliff.     (See  PI.  XIV,  A,  p.  125.) 
BEBWIND-AQITTLAB  ABBA. 
OENGRAl.  FEATURES. 

The  eastern  escarpment  of  the  Trinidad  coal 
field,  which  attaint  it<(  greatest  prominence  in 
the  vicinity  of  Bowen,  Colo.,  becomes  less 
prominent  farther  north.     The  Trinidad  sand- 


Blone  sinks  lower  in  the  cliffs  and  in  the  norti 
em  part  of  the  Berwind-Aguilar  area  approach! 
the  general  level  of  the  plain  to  the  east  of  i 
(See  PI.  XIV,  A,  p.  125.)  Many  of  the  detai 
of  the  coal  beds  and  the  rocks  associated  wit 
them  have  been  presented  by  Richardson.' 
Throughout  most  of  this  area  the  conglomeral 
at  the  base  of  the  Raton  formation  is  we 
developed  and  is  usually  conspicuous  at  i\ 
outcrop.  Also,  it  is  readily  recognizable  in  tl 
records  of  the  diamond-drill  holes,  many  i 
which  have  been,  put  down  north  of  th 
locaUty.  The  drill  records  indicate  the  thicl 
ness  and  character  of  the  rocks  penetrate 
with  greater  accuracy  and  detail  than  ai 
obtainable  by  measurements  at  the  outcro] 
For  these  reasons  sections  were  measured  le; 
frequently  in  the  central  part  of  the  Trioida 
field  than  in  the  southern  parts,  the  observi 
tions  being  directed  mainly  tdward  tracing  tl 
conglomerate  and  establishing  its  relations  I 
the  underlying  rocks. 

BOWBK. 

LODAUTT  lU. 

For  about  one-half  mile  along  the  outcro 
north  of  Bowen  mine  the  relation  of  the  coi 
glomerate  at  the  base  of  the  Raton  formatio 
to  the  underlying  shale  was  not  satbfaotorij 
determined  because  of  surface  dfibris.  Thei 
are  some  indications  that  the  ooal  bed  on  whic 
the  conglomerate  rests  in  some  parts  of  tl 
Bowen  mine  is  absent  a  short  distance  aort 
of  tliis  mine,  but  this  was  not  determined  satii 
factorily  because  of  the  brush  and  shde'roc 
which  obscure  the  outcrop.  In  a  prospe< 
entry  at  the  supposed  horizon  of  the  coal,  aboi 
one-fourth  mile  northwest  of  the  mine,  onl 
shale  was  encountered.  However,  at  locaUt 
1 10,  about  a  mile  north  of  the  Bowen  mine,  tl 
main  coal  bed  was  found  about  30  feet  aboi 
the  top  of  the  Trinidad  sandstone,  and  tb 
conglomerate  about  35  feet  above  the  coa 
The  Vermejo  formation,  which  reached  a  min 
mum  thickness  of  less  than  50  feet  near  Bowei 
here  thickens  to  70  feet,  and  continues  t 
thicken  for  some  distance  to  the  north.  (St 
PI.  XII,  p.  118.) 

The  base  of  the  Raton  formation  at  locaiit 
1 10  consists  of  a  conglomeratic  sandstone  whic 
was  found  to  bo  12  feet  thick.  It  is  coan 
grained  and  massive  and  contains  great  nun 
hers  of  pebbles   one-fourth  inch  or  more  i 
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diameter.  Above  this  conglomerate  there  is  a 
sheet  of  igneous  rock,  and  this  is  overlain  by 
sandstone  and  shale  containing  Ficus  denveriana 
Cockerell,  Ficua  pseudopopulus  Lesquereux^ 
Magnolia  hilgardiana  Lesquereux,  and  palms 
(U.  S.  Geol.  Survey  fossil  localities  Nos.  5101 
and  5693).  The  palm  leaves  are  numerous  and 
well  preserved  but  are  so  large  that  they  were 
not  collected.     The  section  follows : 

Section  of  rocks  measured  at  locality  llOj  about  a  mile  north- 
west of  Bowen,  Colo. 
[For  graphic  section  see  PI.  XII,  p.  118.] 
Raton  formation:  Feet. 

Sandstone,  conglomeratic,  with  pebbles  up  to 

one-fourth  inch  in  diameter 12 

Unconformity.  === 

Vermejo  formation: 

Covered 35 

Coal 5 

Covered 30 


Trinidad  sandstone — 
Pierre  shale: 

Transitional  zone. 

Shale. 


70 
100-f 


182 -f 


LOOALITY  111  (8T7FFZBLD  XnrX). 

At  the  Suffield  mine,  locality  111,  about  2 
miles  north  of  the  Bowen  mine,  a  section  of 
the  Vermejo  formation  was  measured  and  found 
to  contain  at  least  three  beds  of  coal.  The 
formation  is  underlain  by  the  Trinidad  sand- 
stone and  the  Pierre  shale,  which  are  con- 
spicuously exposed  in  the  steep  sides  of  the 
mesa  and  overlain  by  conglomerate  similar  to 
that  at  localitv  110.     The  section  follows: 

Section  of  rocks  measured  at  locality  HI,  Suffield  mine^  Colo, 

[For  graphic  section  see  PI.  XII,  p.  118.J 
Raton  formation:  Ft. 

Conglomerate 8 

Sill  of  igneous  rock 4 

Conglomerate,  with  pebbles  up  to  one-fourth 
inch  in  diameter 6 


m. 
0 
0 


0 


18       0 


Unconformity.  =^= 

Vermejo  formation: 

Covered 40  0 

*     Coal 5  0 

Shale,  brown 12  0 

Coal 1  8 

Covered 30  0 

Coal 4  8 

Covered 2  0 


Trinidad  sandstone. 
Pierre  shale: 

Transitional  zone. 

Shale. 


95 


113      4 


MAJESTIC. 

LOCAUTT  112. 

North  of  Suffield  mine  the  basal  congl( 
of  the  Raton  formation  forms  a  more 
conspicuous  shelf  that  is  easily  recog; 
The  outcrop  of  the  Trinidad  sandstone 
more  conspicuous,  and  it  was  deemed 
essary  to  make  detailed  measureme; 
about  4  miles  northwest  of  locality  111 

At  the  Forbes  mine,  south  of  Majes 
conglomerate  is  22  feet  thick  and  rath 
grained,  the  pebbles  seldom  attaining 
served  diameter  of  more  than  one-fourt 
Its  base  is  122  feet  above  the  top  of  the  T 
sandstone.  The  highest  coal  in  the  \ 
formation  is  worked  at  this  locality  a 
few  feet  below  the  base  of  the  conglo 
From  the  rock  dump  of  the  mine  the  fo 
fossil  plants  were  collected,  aU  of  which 
in  the  Vermejo  flora: 

Fossil  plants  from  the  dump  ofmiru  6  at  Forba 
(U.  8.  Geol.  Survey  fossil  locality  5601.) 

Picus  praetrinervis  Knowlton. 
Ficus  specioeifisima  Ward. 
Ficus  starkviUensis  Knowlton. 
Myrica  torreyi  Lesquereux. 
Sabol  montjina  Knowlton. 
Sequoia  obovaia  Knowlton. 

Near  Majestic,  in  the  north  wall  of  t 
yon  at  locality  112,  some  of  the  rocks  i 
exposed  and  the  Vermejo  was  found  to  b 
110  feet  thick.  Here  as  elsewhere  th 
rocks  of  this  formation  break  down  eas 
form  slopes  that  become  more  or  less  < 
with  soil  and  brush.  The  overlying  sax 
is  typically  conglomeratic,  coarse  g 
massive,  and  feldspathic,  and  in  some 
is  perhaps  better  described  as  a  congloi 
arkose.     The  section  follows: 

Section  of  rocks  measured  at  locality  112,  near  Majei 
[For  graphic  section  see  V\.  XII,  p.  118,] 

Raton  formation: 

Conglomerate,  with  j>ebble8  up  to  half  an  in 

in  diameter 

Unconformity. 
Vermejo  formation : 

Covered 

Sandstone,  very  shiily  and  thin  boddod,  wi 

partings  of  shale 

Sill  of  igneous  rock 

Sandstone,  hard,  no^lular,  bn)wn 

Shale,  drab 

Coal 


132 
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Vermejo  formation — Continued.  Feet. 

Shale,  carbonaceous,  black 2 

Covered ::0 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


Ill 
100± 


246± 


BERWIND. 


LOCALITT  lU. 


The  next  locality  north  of  Majestic  at  which 
a  section  was  measured  is  near  Tabasco  mine 
at  locality  113,  about  half  a  mile  north  of  Ber- 
wind  and  3i  miles  northwest  of  locality  112. 
The  basal  conglomerate  of  the  Raton  formation 
is  30  feet  thick  at  this  locahty  and  is  massive 
and  feldspathic,  with  nimierous  pebbles  up  to 
an  inch  in  diameter.  Its  lower  surface  is 
imeven  and  rests  with  obvious  unconformity 
upon  the  softer  beds  below.  A  fairly  good 
exposure  of  the  Vermejo  indicates  that  it  is 
slightly  thicker  here  than  it  is  farther  south. 
Only  one  thick  bed  of  coal  was  observed  where 
the  section  was  measured,  but  Richardson^ 
found  two  beds  in  Road  Canyon  south  of 
Tabasco,  and  doubtless  a  lower  one  is  present 
in  the  unexposed  interval  near  the  base  of  the 
Vermejo  in  the  following  section: 

Section  of  rocks  meaturedat  locality  IIS^  near  Betwind,  Colo. 
[For  graphic  section  see  PI.  xn,  p.  118.] 

Katon  formation:  Ft.    in. 
Conglomerate,  many  pebbles  up  to  1  inch  in 

diameter 30      0 

Unconformity.  === 

Vermejo  formation: 

Sandstone,  thin   bedded,  with   partings  of 
shale.    A  thin  bed  of  coal  coked   by  a 

sill  of  igneous  rock  occurs  near  the  top 30      0 

Sandstone,  soft  and  friable,  with  partings 

of  sandy  shale,  yellowish  white 20      0 

Sill  of  igneous  rock 7      0 

Shale,  black 3      6 

Coal 5 

Shale,  black 3 

Coal 9      0 

Covered 35      0 

Shale,  sandy  and  locally  carbonaceous 10      0 


Trinidad  sandstone. 


115      2 
100-f 

245+      1 

Several  fossil  plants  of  the  Raton  flora  were  i 
collected  by  the  party  under  G.  B,  Richardson 
1  to  4  miles  southwest  of  Berwind  from  rocks  | 
that  are  said  to  be  at  the  base  of  the  Poison  ' 


Canyon.  The  flora  is  not  distinctive  6f  the 
Poison  Canyon  formation,  for  the  species  occur 
also  in  the  Raton.  Furthermore  it  does  not 
seem  to  be  possible  to  draw  a  definite  line  of 
separation  in  all  places  at  the  present  time 
between  the  Raton  and  Poison  Canyon  forma- 
tions. For  these  reasons  these  plants  are  for 
present  purposes  included  in  the  Raton  flora. 
They  are  as  follows: 

Fossil  plants  collected  southwest  of  Berwind,  Colo, 

[V.  S.  Geol.  Survey  fossil  localities  5095.  5107,  and  5120.] 

Aristolochia?  elongata  Knowlton. 
Cassia  rirhardsoni  Knowlton. 
Ficus  peeudopopulus  Lesquereux. 
Magnolia  Icsloyana  Lesquereux. 
Piatanus  aceroides  latifolia  Knowlton. 
Platanus  guillelmae  Goppert. 
Hhamnus  clebumi  Lesquereux. 

South  of  Apishapa  River,  about  6  miles  far- 
ther west  (PI.  I,  in  pocket),  the  same  party 
collected  plants  from  a  horizon  400  feet  above 
what  they  regarded  as  the  base  of  the  Poison 
Canyon  formation.  Tliese  are  Poison  Canyon 
species  and  are  inserted  here,  as  they  do  not 
seem  to  differ  notably  from  those  found  in  the 
Raton  formation.     They  are  as  follows: 

Fossil  plants  collected  7  miles  soutkweit  of  Berwind^  Colo, 

[U.  S.  Gcol.  Survey  fossil  locaUtics  5121  and  5045.] 

Ficus  denveriana  ('ockerell. 
Ficus  latifolia  Lesquereux. 
Leguminosites?  arachioides  Lesquereux. 
Palmocarpon  palmarum  (Lesquereux)  Knowlton. 

BERWIXD  TO  AOUILiAR. 

LOCALniES  114-llS. 

Between  Berwind  and  Aguilar,  a  distance  of 
about  6  miles,  the  formations  from  Pierre  shale 
to  Raton  formation,  inclusive,  were  observed 
in  several  places.  The  Trinidad  sandstone 
foiTus  a  conspicuous  cliff  and  the  basal  con- 
glomerate of  the  Raton  formation  was  located 
without  difficulty  at  every  locality  Qbserved. 
No  sections  were  measured  at  the  outcrop 
because  of  tlie  abundance  of  more  accurate 
data  furnished  by  the  diamond-drill  borings. 
Unfortunately,  the  confidential  nature  of  this 
information  makes  it  impossible  to  publish  the 
location  of  individual  borings.  However,  five 
records  (Xos.  114-118,  PL  XV)  have  been  so 
selected  that  they  probably  give  an  adequate 
conception  of  the  thickness  of  the  Vermejo 
beds  and  their  relation  to  the  underlying  and 
overlying  rocks.     In  addition  to  these  records 
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three  others  in  the  same  general  I'cgion  have 
been  published  by  Hills.*** 

A  brief  explanation  may  be  included  here 
relative  to  the  correlations  of  these  records 
with  each  other  and  with  sections  measured 
elsewhere.  It  is  evident,  for  example,  that  the 
position  of  the  base  of  the  Vormejo  formation 
is  a  matter  of  interpretation.  In  section  114, 
for  example,  the  40  +  feet  of  sandstone  at  the 
base  is  probably  the  Trinidad,  but  it  might 
possibly  be  the  38-foot  sandstone  which  lies 
above  the  lowest  coal  in  section  11 C.  Again, 
in  section  115,  the  7-foot  sandstone  at  the  base 
may  be  a  part  of  the  Trinidad  or  it  may  possibly 
be  a  higher  sandstone.  However,  a  prominent 
conglomerate  is  present  in  all  five  sections, 
and  there  is  little  chance  of  mistake  in  corre- 
lating the  sections  on  the  assumption  that  it  is 
a  continuous  bed.  If  this  correlation  is  cor- 
rect, the  thickness  of  the  Vermejo  formation  is 
here  200  to  230  feet  or  more. 

It  has  been  seen  that  near  Berwind,  at 
locality  113,  the  Vermejo  beds  measure  only 
115  feet  at  the  outcrop.  The  drill  borings  were 
made  at  considerable  distances  back  from  the 
outcrop — in  the  direction  toward  which  the 
Vermejo  formation  thickens.  About  20  miles 
farther  southwest,  at  locality  136,  it  is  345  feet 
thick.  The  increase  in  thickness  from  115 
feet  at  the  outcrop  to  230  feet  in  the  drill 
holes  is  what  might  naturally  be  expected. 
Furthermore,  near  Aguilar,  at  locality  119,  the 
thickness  of  this  formation  is  nearly  as  great 
at  the  outcrop  as  it  is  in  any  of  the  drill  holes 
described. 

At  Delagua,  west  of  Hastings,  a  mine  has 
been  opened  in  the  Raton  formation  on  a  bed 
that  is  estimated  to  be  about  S50  feet  above 
the  Trinidad  sandstone,-'  or  something  more 
than  600  feet  above  the  base  of  the  Raton  for- 
mation. A  collection  of  plants  was  made  from 
the  rock  dump  of  this  mine,  as  follows: 

Fosnl  pUmtsfram  Delagua^  Colo, 
[XJ,  8.  GeoL  Survey  fossil  locality  569a] 

Artocarpus  similis  Knowlton. 

Laurus  socialis  Lesquereux. 

Magnolia  angustifolia  Newbeny. 

Magnolia  magnlfolia  Knowlton. 

PlatanuB  aceroidos  latifolia  Knowlton. 

Zizjrphufl  fibrillosus  (Lesquereux)  Lesquereux. 

A  few  miles  farther  west,  near  Abet  on,  north 
of  the  Apishapa  (PL  I,  in  pocket)  several  col- 
lections of  fossils  were  made : 


Fossil  plants  collected  north  of  the  wagon  road  one-h 
west  of  AhetoUy  100  feel  below  the  top  of  the  liator 

tion. 

[U.  8.  GeoL  Survey  fossil  locality  5(VS0.] 

Cinnamomum?  ficifolium  Knowlton. 
Ficufl  denveriana  Cockereli. 
Juglans  nigclla  I  leer. 
Juglans  rugosa  Lesquereux. 
Magnolia  angustifolia  Newberry. 
Magnolia  magnifolia  Knowlton. 

About  a  mile  farther  northeast,  at  a  h- 

100  feet  or  more  lower  than  the  last 

GeoL  Survey  fossil  locality  5()88),  Cinnam 

mississippiensisf    Lesquereux    and    Ziz 

fibrillosus  (Lesquereux)  Lesquereux  w^ere  i 

About  a  mile  northwest  of  Trujillo  ' 
GeoL  Survey  fossil  locality  5G87)  Artoi 
similis  Knowlton,  Ma^olia  magnifolia  E 
ton,  and  Oreodaphnet  ratan^nsis  Knowlto] 
found  100  feet  below  the  top  of  the  '. 
formation;  and  IJ  miles  farther  nort 
(U.  S.  GeoL  Survey  fossil  locality  5124) 
ardson's  party  obtained  Aristolochiaf  el 
Knowlton  and  Ficus  pseudopopulus 
quereux  about  400  feet  above  the  base 
Poison  Canyon  formation. 

In  the  north  wall  of  Apishapa  Canyon, 
3i  miles  southwest  of  Aguilar,  the  foil 
fossil  plants  were  found  near  a  coal  be< 
is  believed  to  be  the  same  as  that  develo] 
Delagua. 

Fossil  plants  collected  southwest  of  Aguilar ^  Co 
[U.  S.  Oool.  Sun-cy  fossil  locality  5t>89.] 

Ciflsus  laevigata  Lesquereux. 
Ficufl  denveriana  Cockereli. 
Ficus  uncata  Lesquereux. 
Magnolia  angustifolia  Newberry. 
Magnolia  magnifolia  Knowlton. 

OONZALES   CANYON,  COLO. 

LOCALITT  119. 

Near  the  mouth  of  Gonzales  Canyon,  al 
mile  west  of  Aguilar,  the  rocks  from  the 
shale  to  the  Raton  formation  are  well  ex] 
and  a  section  of  them  was  measured  at 
ity  119.  A.  G.  Broadhead  has  spent  s 
years  in  prospecting  the  coals  in  this  vi< 
and  the  section  measured  by  him  agr" 
general  with  that  measured  by  the  writ< 
his  assistant  but  includes  more  details, 
cially  regarding  the  number  and  position 
coal  beds.  For  this  reason  Mr.  Broad 
section  is  given  below.  On  the  other 
Mr.  Broadhead  laid  special  emphasis  c 
number  of  coal  beds  and  the  thickness 
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coal  and  paid  little  attention  to  the  character 
of  the  intervening  rocks.  For  this  reason  these 
rocks  are  described  as  sandstone  and  shale 
with  little  attempt  at  differentiating  them. 

Section  ofrock^  measured  at  locality  219,  near  Aguilar,  Colo, 

Measurements  furnished  by  A.  G.  Broedhead,  who  has  prospected  ail 
of  the  coal  beds  near  this  locality.  For  graphic  section  see  PI.  XV, 
p.  132.] 

Raton  formation: 

Sandstone  and  shale.  Ft  In. 

Coal 1  0 

Shale 12  0 

Coal 1  0 

Sandstone,  shaly  in  some  places 225  0 

Coal 4± 

Sandstone  and  shale 88  0 

Coal 4  0 

Shale  and  sandstone,  fossiliferous 50  0 

Coal,  with  thin  partings  of  sandstone 4  0 

Sandstone,  hard,  white 50  0 

Coal,  dirty 4  0 

Sandstone,  massive,  forms  cliff 100  0 

Sandstone,  with  thin  layers  of  shale  and  7  or 

8  thin  beds  of  coal 170  0 

Conglomerate,  variable  in  thickness  and 
character;  contains  pebbles  up  to  one- 
half  inch  in  diameter 6± 


719  ± 


2± 
11      0 


1 

1 

1 

32 


1 
8 
2 
12 
1 


4 
0 
0 
0 


3      6 
68      0 

1      0 
20      0 

6± 
30      0 


Unconformity.  = 

Vermejo  formation: 

Coal,  variable  in  thickness;  absent  in 

some  places 

Shale 

Coal 

Shale 

Coal .' 

Sandstone 

Coal  (Robinson  bed),  varies  in  thickness 

from  1  foot  to  4  feet 

Sandstone  and  shale 

Coal 

Sandstone  and  shale 

Coal 

Shale  and  sandstone 

Coal 

Shale 

Coal,  mostly  burned 

Shale 

Graphite  (?) 

Trinidad  sandstone:  = 

Sandstone  containing  Ilalyinenites  major  Los- 
quereux 920± 

The  Pierre  shale  and  Trinidad  sandstone  are 
characteristically  developed  at  this  locality,  as 
evcr}'where  in  the  Raton  Mesa  region.  Tlie 
Trinidad  forms  a  promhient  cliff,  near  the  mid- 
dle of  which  there  is  a  zone  of  hard,  flaggy, 
ripple-marked  sandstone  similar  to  that  in  the 


0 
0 

8 
0 
0 
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zone  near  the  middle  of  this  formation  at  Raton 
and  elsewhere,  which  contains  fossil  plants,  car- 
bonaceous shale,  and  thin  seams  of  coal.  Holy- 
meniies  major  Lesquereux  is  very  abundant 
above  this  zone,  and  with  it  are  found  lai^e 
concretions  of  sandstone  that  are  harder  and 
darker  than  the  mass  in  which  they  are  em- 
bedded. The  massive  character  of  the  forma- 
tion continues  unchanged  to  the  top,  where  the 
transition  to  the  carbonaceous  shale  and  coal 
of  the  Vermejo  formation  is  very  abrupt. 

The  Vermejo  is  about  200  feet  thick  and  con- 
sists of  the  shale  and  relatively  soft  sandstone 
that  characterize  this  formation  throughout  the 
region.  Sandstone  constitutes  a  considerable 
part  of  the  formation,  but  it  is  the  customary 
soft  granular  variety  which  disintegrates  almost 
as  readily  as  the  shale,  so  that  the  slope  at  the 
outcrop  of  this  formation  is  smooth  and  often 
covered  with  soil. 

The  base  of  the  Raton  formation  is  marked 
by  a  hard,  massive,  conglomeratic  sandstone 
which  varies  in  thickness  from  3  to  30  feet  in 
the  one-fourth  mile  or  so  of  the  outcrop  ob- 
served and  contains  pebbles  mostly  of  quartz 
and  chert  up  to  2  inches  in  diameter.  It  lies 
unconformably  on  the  Vermejo,  in  some  places 
on  coal  which  varies  in  thickness  from  2  feet  or 
more  to  zero,  and  in  other  places  on  the  shale 
which  normally  underlies  this  coal  bed.  The 
conglomerate  is  overlain  by  a  sandy  shale  which 
contains  several  Ihin  beds  of  coal  and  seems  to 
correspond  in  a  general  way  with  the  coal- 
bearuig  shale  which  has  been  noted  in  many 
places  throughout  the  eastern  part  of  the  Raton 
Mesa  region  and  which  farther  south  contains 
the  Sugarite  coal.  This  shale  is  overlain  by  the 
cliff -making  sandstones  of  the  so-caUed  **  bar- 
ren series.''  However,  from  the  fact  that  the 
rocks  are  shaly  above  the  conglomerate  it  does 
not  follow  that  they  are  at  all  like  the  shaly 
sandstones  bi  the  Vermejo  formation.  The 
aspect  of  the  slope  above  the  conglomerate  is 
very  different  from  that  below.  Above  this 
conglomerate  the  sandstones  are  hard  and  form 
more  or  less  well-defined  cliffs  that  contrast 
sharply  with  the  smooth  regular  slope  at  the 
outcrop  of  the  Vermejo. 

Several  thick  beds  of  coal  outcrop  above  the 
cliffs  of  the  "barren  series.''  On  three  of  them 
mhies  have  been  opened  330  to  475  feet  above 
the  base  of  the  Raton  formation.  The  rock 
waste  from  all  three  of  these  mines  is  dumped 
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in  the  same  place,  and  from  this  dmnp  a  large 
collection  of  fossil  plants  was  obtained,  as 
follows: 

Foiiil  planU  from  the  Green  Canyon  mines  in  Oomales 

Canyon  near  AguiloTf  Colo, 

[U.  S.  Geol.  Survey  fossil  locality  5684.] 

Apocynophyllum  linifolium  Knowlton. 
Ghionanthus  membranaoeus  ICnowlton. 
Ficufi  aguilar  Knowlton. 
Ficua  duplicata  Knowlton. 
Ficus  echimperi  Lcsquereux. 
Juglans  Bchimperi  Lcsquereux. 
Laurus  pedatUB?  (Lcsquereux). 
Magnolia  angusti folia  Newberry. 
Magnolia  magnifolia  Knowlton. 
Magnolia  rotundifolia  Newberry. 
Nectandra  lancifolia  (Lcsquereux)  Berry. 
Populus  neotremuloides  Knowlton. 
F&gus  papyracea  Knowlton. 
Magnolia  cordifolia  Lcsquereux. 
Populus,  female  ament. 
Rhamnus  goldianus?  Lcsquereux. 
Vitis  led  Knowlton. 

There  are  coal  beds  at  horizons  higher  than 
those  indicated  in  the  section,  but  these  had  not 
been  developed  at  the  time  of  investigation, 
and  their  position  in  the  formation  is  not  known 
further  than  that  they  are  near  the  top  of  it. 
The  rocks  associated  with  these  coals  are  fossil- 
iferous  and  Richardson's  party  collected  Ficus 
denveriarui  Cockerell,  Magnolia  angustifolia 
Newberry,  Magnolia  TvUgardiana  Newberry, 
Magnolia  magnifolia  Knowlton,  and  Platanus 
aceroides  latifolia  Knowlton  from  them  (U.  S. 
Geol.  Survey  fossil  localities  Nos.  5118,  6122, 
and  5123).  The  same  party  obtained  a  good 
collection  of  plants  from  the  Poison  Canyon 
formation  about  2  miles  west  of  the  Green 
Canyon  mine.  Of  these  plants  Knowlton  sajrs 
that  although  the  previously  described  species 
are  all  found  in  the  Denver  formation,  with 
which  the  Poison  Canyon  has  been  directly 
correlated,  they  also  occur  in  the  Raton  forma- 
tion.    They  are  as  follows: 

Fossil  plants  from  the  Poison  Canyon  formation,  about  5 

miles  west  of  Aguilar,  Colo. 

[U.  8.  Geol.  Survey  fossil  locality  6046.] 

Comus  studeri?  Hecr. 
Euphorbocaipum  richardsoni  Knowlton. 
Ficus  richardsoni  Knowlton. 
Laurus  socialis  Lcsquereux. 
Magnolia  laurifolia  Lcsquereux. 


Platanus  guillelmae  Gdppert. 

Rhamnus  cleburni  Lcsquereux. 

Zizyphus  fibrillosus  (Lcsquereux)  Lesquereu 

North  of  Aguilar  the  formations  were  trs 
along  the  outcrop  and  exambied  in  detai 
several  places,  but  their  structural  relat; 
appeared  so  obvious  that  it  seemed  imnecess 
to  measure  sections  at  short  intervals.  At 
Jewel  mine,  li  miles  north  of  Aguilar,  ant 
the  Rugby  mine,  about  5  miles  north  of  1 
town,  the  conglomerate  at  the  base  of  the  Ra 
formation  was  examined  in  detail.  At  Ru 
it  is  about  200  feet  above  the  Trinidad  sa 
stone.  The  coals  of  both  the  Raton  and 
Vermejo  formations  have  been  developed  1 
and  have  been  described  by  Richardson.** 

The  rocks  of  the  Raton  formation  are  \ 
fossiliferous  near  Rugby,  but  only  one  spec 
Platanus  aceroides  latifolia  Knowlton,  was 
lected  (U.  S..Geol.  Survey  fossil  locality 
5696). 

For  several  miles  north  of  Rugby  the  < 
glomerate  is  miusually  promment  and  fom 
shelf  in  the  side  of  the  mesa  that  can  be  rea 
recognized  even  from  considerable  distan 
Near  the  New  Rouse  mine,  on  Santa  C 
Creek,  it  is  25  feet  or  more  ui  thickness 
consists  of  pebbles  mainly  of  quartz  and  cl 
embedded  in  a  matrix  of  coarse  sand.  M 
of  these  pebbles  are  an  inch  or  more  m  di 
eter  and  some  reach  a  diameter  of  2^  inc 
Several  beds  of  coal  occur  below  the  congl 
erate,  the  highest  of  which  is  reported  by 
superintendent  of  the  Rouse  mine  to  be  at 
150  feet  above  the  top  of  the  Trmidad  ss 
stone.  The  rocks  are  faulted  in  the  vicii 
of  this  muie.  The  rocks  above  the  congl 
erate  are  composed  mainly  of  sandstone, 
a  horizon  suppo^ed  in  the  field  to  be  about 
feet  above  the  base  of  the  Raton  formal 
Ficus  gigantea  Knowlton  and  Credneria  pr 
phyUoides  Eaiowlton,  were  found  near  the  wi 
tank  of  the  mine  -(U.  S.  Geol.  Survey  fc 
locality  5685).  These  prove  on  examinal 
to  be  Vermejo  types  of  plants  and  it  may 
that  the  horizon  was  misinterpreted  by 
writer.  This  possibility  is  strengthened  by 
fact  that  the  rocks  near  New  Rouse  have  h 
shown  by  mining  operations  to  be  badly  f  aul 

The  Trinidad  sandstone  and  the  Pierre  si 
are  both  fossiliferous  on  Santa  Clara  Cd 
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From  the  sandstone  Richardson's  party  col- 
lected the  following  species: 

Invertebrates  from  a  railroad  cut  in  the   Trinidad  sandstone, 
one-half  mile  east  of  Prior  mine,  near  Rouse,  Colo. 

[U.  S.  Qeol.  Survey  fossil  locality  5590.] 

Osta^a  pellucida  Meek  and  Ilayden. 
Ostrea  sp. 

Chlamys  nebrascenais  Meek  and  Ilayden. 
Avicula  nebrascana  Evans  and  Shumard. 
Inoceramus  barabini  Morton. 

The  same  party  collected  shells  from  the 
upper  part  of  the  Pierre  shale  at  two  localities, 
as  follows: 

Invertebrateafrom  a  point  500  feet  south  of  Santa  Clara  Creek, 
H  miUs  east  of  Monson,  Colo. 

lU.  S.  Geol.  Survey  fossil  locality  5591.] 

Ostrea  pellucida  Meek  and  Ilayden. 

Inoceramus  vanuxemi  Meek  and  Hayden? 

Cucullaea  sp. 

Lucina  sp. 

Volutoderma  sp. 

Scaphites  nodosus  Owen  var. 

Invertebrates  from  the  south  side  of  Santa  Clara  Creek,  about 
2\  miles  east  of  Monson,  Colo. 

[U.  S.  Qeol.  Survey  fossil  locality  5592.] 

Nucula  sp. 

Baculites  ovatus  Say. 

Baculites  compressus  Say. 

Scaphites  nodosus  Owen. 

Heteroceras  cheyennense  Meek  and  Hayden? 

About  a  mile  north  of  the  New  Rouse  mine 
the  basal  conglomerate  of  the  Raton  fonnation 
forms  a  broad  shelf,  which  was  determined  by 
barometer  to  be  about  200  feet  above  the  top 
of  the  Trinidad  sandstone,  which  is  exposed  to 
the  east.  (See  PI.  XVI,  A,)  Three  beds  of 
coal  in  the  Vermejo  formation  have  been 
opened  at  the  Pryor  mine  (No.  108,  PI.  I,  in 
pocket),  about  one-fourth  mile  west  of  the  point 
shown  in  this  illustration.  Their  positions  in 
the  section  are  shown  by  Richardson*"  as 
follows: 

Section  of  coal  beds  at  the  Pryor  mineSj  Colo. 

Ft    In. 

Coal  (upper  bed) 6    11 

Interval 35± 

Coal  (middle  bed) 6      8 

Interval 30± 

Coal  (lower  bed) 4      6 

'83± 


An  attempt  was  made  to  measure  a  section 
of  the  rocks  in  a  small  canyon  about  4  miles 
northwest  of  the  Pryor  mines,  but  the  beds  are 
nowhere  sufficiently  well  exposed.  Apparently 
the  conglomerate  which  is  so  prominent  near 
the  Pryor  mines  loses  its  massive  character  in 
some  places  and  is  not  conspicuous  in  this 
canyon.  However,  a  little  farther  north,  or 
about  3  miles  south  of  Walsenburg,  it  is  well 
developed  as  a  coarse  'Spudding  stone"  and 
forms  a  promiaent  ridge. 

A  collection  of  fossil  plants  belongnig  to  the 
Raton  flora  was  made  in  this  canyon,  at  a 
horizon  estimated  to  be  about  300  feet  above 
the  base  of  the  Raton  formation,  and  is  as 
follows: 

Fossil  plants  collected  aboiU  4  miles  west  of  Mayne,  Colo. 
[U.  S.  Q«ol.  Survey  fossil  locality  5683.] 

^Magnolia  angustifolia  Newberry. 
Nyssa  lanceulata  Leequereux. 
Quercus  simplex  Newberry. 
Platanus  aceroidee  latifolia  Knowlton. 
Platanus  platanoldes  (Leequereux)  Knowlton. 

About  3  miles  farther  north  the  basal  con- 
glomerate of  the  Raton  formation  attains 
prominence  and  several  prospect  openings  have 
been  made  in  the  coal  beds  below-  it.  About 
10  feet  above  the  base  of  the  Vermejo  forma- 
tion (U.  S.  Geol.  Survey  fossil  locality  SI30) 
Richardson's  party  found  Ficas  praeirinervis 
Knowlton,  Ficas  vxirdii  Knowlton,  and  Sdlix 
ffardneri  Knowlton  at  the  Simpson  or  Raven- 
wood  mine;  and  at  about  the  same  horizon  they 
found  in  the  roof  of  the  Cameron  mine  (No.  122, 
PI.  I)  Ficas  haddeni  Knowlfon,  Ficas  prae- 
trinervis  Knowlton,  and  Sdlix  plicata  Knowl- 
ton (U.  S.  Geol.  Survey  fossil  locality  5044). 
About  1  mile  southwest  of  these  localities,  at 
a  horizon  about  130  feet  higher,  the  same  party 
collected  the  foUowuig: 

Fossil  plants  collected  about  130  feet  above  the  ba»e  of  the  Ver^ 
mejo  formation  and  50  feet  below  the  overlying  congiom- 
erate,  S  miles  south  of  Walsenburg,  Colo, 

[U.  8.  0«ol.  Survey  fossil  lobaUtyfilSL] 

Geinitzia  formosa  Ileer. 
Phyllitea  aiu-antiacus  Knowlton. 
Quercus  gardneri  Knowlton. 
Widdrlngtonia?  complaiiata  Lesqueceux. 
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WALSENBTTBG  ASEA,  COLO. 
OENERAIi  FBATHRBS. 

Near  Walsenburg  the  coal-bearing  rocks  are 
well  exposed  on  Cuchara  River  and  yielded 
large  collections  of  fossil  .plants.  Also,  a 
considerable  amount  of  exact  information  was 
obtained  from  the  records  of  the  coal  com- 
panies operating  in  the  Walsenburg  district. 
But  north  of  Walsenburg  the  coal-bearing 
rocks  are  not  well  exposed  and  it  is  not  easy  in 
some  places  to  distinguish  between  the  Raton 
and  the  Vermejo  formations.  The  escarp- 
ment at  the  margin  of  the  coal  field  is  not 
prominent  (see  PI.  XVI,  JS),  and  such  cliffs 
as  occur  are  formed  by  the  harder  rocks  within 
the  coal  measures,  and  the  Trinidad  sandstone 
outcrops  in  the  plain  to  the  east.  The  basal 
conglomerate  of  the  Raton  formation  was 
traced  with  confidence  only  a  few  miles  north 
of  Walsenburg.  In  the  northern  part  of  the 
Trinidad  field  the  Poison  Canyon  formation 
seems  to  approach  close  to  the  Vermejo  if, 
indeed,  it  does  not  come  in  actual  contact  with 
it.  No  clear  evidence  on  this  question  was 
obtained  by  the  present  writer. 

CUCHARA  RIVZSU 

LOCAUTT  120. 

Opportunity  was  afforded  in  the  valley  of 
Cuchara  River  southwest  of  Walsenburg  to 
measure  in  detail  a  section  of  rocks  from  the 
Trinidad  sandstone  to  the  Poison  Canvon  for- 
mation.  The  lower  130  feet  or  more  of  the 
Vermejo  formation  has  been  penetrated  by  a 
shaft  at  the  McAnily  mine,  one-half  mile  west 
of  Walsenburg,  and  the  part  of  the  following 
section  below  the  Robinson  coal  bed  was 
obtained  from  the  records  of  this  shaft.  At 
the  Rockland  mine,  locality  120,  about  2  miles 
southwest  of  Walsenburg,  a  shaft  had  been 
sunk  previous  to  the  time  of  investigation, 
and  exact  measurements  of  the  rocks  pene- 
trated were  obtained  from  the  records.  The 
bottom  of  the  shaft  reached  a  coal  which  the 
operator  supposed  to  be  the  Robinson  bed, 
but  it  remains  to  be  demonstrated  whether 
it  is  the  same  as  that  called  the  Robinson  coal 
at  the  McAnily  mine.  However,  for  the  fol- 
lowing section  it  is  assumed  to  be  the  same. 
A  coal  bed  locally  known  as  the  Solar  coal  is 
exposed  in  the  south  bank  of  the  river,  and  was 
penetrated  near  the  top  of  the  shaft.     From 


Ft. 


this  coal  a  section  was  measured  at  the  oatci 
in  the  bluff  south  of  Rockland  mine  and  adc 
to  that  from  the  Rockland  shaft,  the  correlat 
being  made  by  means  of  the  Solar  coal.  1 
combined  section  follows: 

Section  of  rocks  measured  at  locality  120  in  the  Cue) 
Valley,  near  Walsenburg ,  Colo. 

[The  up];>er  part,  600  feet,  was  measured  at  the  surface  in  the  south 
of  Cuchara  Canyon;  the  middle  part,  between  the  Solar  and  the  Ro 
son  coal  beds,  was  measured  in  the  shaft  of  the  Rockland  mine; 
part  below  the  Robinson  coal  was  measured  in  the  shaft  of  the  Mc A 
mine.    For  graphic  section  see  Fl.  XV,  p.  132. J 

Poison  Canyon  (?)  formation: 

Covered  by  igneous  talus  from  dike,  which 

forms  Unf ug  Ridge 

Sandstone,  fine  grained 

Sandstone,  massive,  coanse grained,  friable; 

contains  pebbles  one-fourth  inch  in  diam- 

ater 

Covered 

Sandstone,   yellow,  thin  bedded,  foesilif- 

erous  (5678) 

Covered 

Sandstone,  yellow,   thin  bedded,  fossilif- 

erous 

Covered 

Sandstone,  yellow,  maaaive,  coarsegrained; 

contains  pebbles  of  quartz  and  feldspar 

up  to  one-fourth  inch  in  diameter 


40 
15 


30 
52 

23 
17 

21 
29 


15 


242 


Raton  formation: 

Sandstone,  gray,  fine  grained ,  thin  bedded .  50 

Sandstone,  yellow,  massive 12 

Sandstone,  thin  bedded,  with  partings  of 

sandy  shale,  foasiliferous 34 

Sandstone ,  yellow ,  coarse  grained ,  massive .  24 

Sandstone,  shale » 22 

Sandstone,  yellow,  massive,  foesiliferous. .  20 

Covered 15 

Sandstone,  yellowish,  fine  grained 30 

Covered 12 

Sandstone,   yellow,  thin  bedded,  fossilif- 

erous  (5679) 23 

Covered 55 

Shale 15 

Coal,  Solar  bed,  with  three  sandy  part- 
ings   4 

Shale 12 

Sandstone 53 

Shale 14 

Sandstone 6 

Shale 11 

Sandstone 31 

Shale 9 

Sandstone 21 

Shale 15 

Sandstone 25 

Shale 10 

Coal 1 

Sandstone 19 

Shale 6 
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Raton  formation — Coatinued.  Ft.  In. 

Sandstone 82  0 

Shale 1  0 

Coal 8 

Sandstone  and  shale 16  0 

Coal 7 

Sandstone  and  shale 15  0 

Coal 1  5 

Sandstone  and  shale 26  0 

Cmil 2  7 

Sandstone  and  shale 10  0 

Coal 1  2 

Sandstone  and  shale 30  0 

Sandstone 15  0 

Shale 3  0 

Coal,  bony 4 

Coal 3 

Shale 6 

Coal 10 

Sandstone  and  shale 24  0 

Sandstone,    conglomeratic,  pebbles   of    2 
in(*hes  maximum  diameter,  12  feet  were 

conglomeratic 14  0 

793  6 

Verm  ej  o  formation :  = 

Shale,  with  thin  bands  of  sandstone 42  0 

Coal 6  3 

Sandstone  and  shale,  fossiliferous  (5676  and 

5677) 26  0 

Coal,  supposed  to  be  the  Robinson  bed .  3  5 

Shale  and  sandstone 6  0 

Coal 1  2 

Sandstone  and  shale,  containing  three  thin 

beds  of  coal,  fossiliferous 69  0 

Coal  (Walsen  bed) 6  0 

Shale,  containing  three  beds  of  coal  12 

to  14  inches  thick. 28  0 

Sandstone , 12  0 

Coal  (Cameron  bed) 1  2 

Trinidad  sandstone.  

201  0 


1,236      6 


According  to  this  section  the  Vermejo  forma- 
tion in  the  vicinity  of  Walsenburg  is  about  200 
feet  thick  and  consists  of  coal-bearing  sandstone 
and  shale  similar  to  those  described  elsewhere. 
It  is  very  fossiUferons  in  some  places.  From 
the  rock  dump  of  the  McAnily  mine  a  collection 
of  plants  was  obtained  from  material  said  to 
come  from  above  the  Walsen  coal  bed.  How- 
ever, all  of  the  material  from  the  shaft  is  con- 
tained in  this  rock  dump,  and  it  is  possible  that' 
some  of  the  fossils  came  from  other  horizons, 
but  all  belong  to  the  Vermejo  flora.  They  are 
as  follows : 

Fossil  plants  from  McAnily  mine,  near  Walsenburg^  Colo, 
[U.  8.  Geol.  Survey  fossil  locality  5676.] 

Artocarpus  dissects  Knowlton. 
Cissites  panduratus  Knowlton. 
Ficus  minima  Knowlton. 


Ficus  wardii  Knowlton. 
Liriodendron  alatum  Newberry. 
Myrica  torreyi  Lesquereux. 
Palaeoaster  inquirenda  Knowlton. 
Phyllites  leei  Knowlton. 
Phyllites  walsenburgenais  Knowlton. 
Pterospermites  wardii  Knowlton. 
Sequoia  obovata  Knowlton. 

A  lai^e  collection  of  fossil  plants  of  the 
Vermejo  flora  was  made  from  the  rock  dump 
of  the  Rockland  mine  in  material  which^ 
according  to  the  superintendent's  statement, 
is  from  above  the  Robinson  coal  bed  at  the 
base  of  the  shaft.     They  are  as  follows: 

Fossil  plants  collected  at  the  Rockland  coal  mine,  about  S 
miUs  southwest  of  Walsenburg^  Colo, 

[U.  8.  Oeol.  Survey  fossil  locality  5677.] 

Asplenium?  coloradense  Knowlton.    ■ 
Canna  magnifolia  Knowlton. 
Cissites  panduratus  Knowlton. 
Ficus  leei  Knowlton. 
Myrica  torreyi  Leequereux. 
Pterospermites  nervosus  Knowlton. 
Sequoia  reichenbachi  (Geinitz)  Heer. 

The  basal  conglomerate  of  the  Raton  formaf- 
tion  is  well  developed  in  the  vicinity  of  Wal- 
senburg but  is  irregular  in  thickness  tod  some- 
what variable  in  character.  North  of  the 
wagon  road,  about  one-fourth  mile  west  of  the 
Walsen  mine  (No.  123,  PI.  I),  it  consists  of  a 
conglomeratic  sandstone  about  3  feet  thick, 
which  is  hard  and  quartzose  in  some  places 
and  relatively  soft  in  other  places,  so  that  the 
weathered  surface  is  rough  and  craggy.  The 
pebbles,  consisting  mainly  of  quartz  and  chert, 
are  contained  in  pockets  or  lenticular  masses, 
and  most  of  them  are  less  than  one-half  inch 
in  diameter,  although  some  about  2  inches  in 
maximum  diameter  were  foimd.  In  some 
places  south  of  the  river,  although  the  sand- 
stone representing  the  conglomerate  is  readily 
identified,  no  pebbles  were  found  in  it  for  con- 
siderable distances.  On  the  other  hand,  in 
the  shaft  of  the  Rockland  mine  a  thickness  of 
12  feet  of  conglomerate  was  penetrated  and 
reported  as  '  *  a  pudding  stone  with  pebbles  up 
to  2  inches  in  diameter."  From  these  facts 
it  is  evident  that  this  basal  conglomerate  varies 
within  short  distances  from  a  sandstone  to  a 
massive  conglomerate.  It  rests  with  imeven 
base  on  the  Vermejo  formation,  and  the  uncon- 
formable relation  thus  suggested  may  explain 
the  apparent  variation  in  the  thickness  of  the 
Vermejo  formation  in  the  vicinity  of  Walsen- 
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burg.  If  the  records  obtained  from  the 
McAmly  and  Rockland  mines  are  correctly 
interpreted,  this  formation  is  about  200  feet 
thick.  On  the  other  hand,  certain  drill  records 
in  the  vicinity  of  Walsenburg  show  that  a 
thickness  of  240  feet  or  more  intervenes 
between  the  conglomerate  and  the  Trinidad 
sandstone.  Also  there  are  discrepancies  in 
the  number  of  coal  beds  reported.  If  it  is 
assumed  that  the  number  as  reported  is  correct, 
it  is  difficult  to  explain  their  occurrence  with- 
out assuming  that  some  of  the  higher  beds  of 
the  Vermejo  were  eroded  away  in  certain  places 
previous  to  the  deposition  of  the  basal  con- 
glomerate of  the  Raton. 

The  Raton  formation  is  not  continuously 
exposed  where  the  upper  part  of  the  section 
was  measured.  Several  massive  sandstones 
occur,  as  shown  in  the  section,  but  in  the  inter- 
vals between  them  the  rocks  are  covered  with 
soil  at  the  outcrop.  Doubtless  shale  and  beds 
of  coal  corresponding  to  some  of  those  pene- 
trated by  the  diamond  driU  farther  south  occur 
in  these  poorly  exposed  intervals.  Tlie  upper 
part  of  the  section  includes  some  of  the  con- 
glomeratic beds  which  R.  C.  Hills  "'  maps  as 
Poison  Canyon.  It  is  not  the  purpose  of  this 
paper  to  discuss  the  relation  of  the  Poison  Can- 
yon formation  to  the  Raton  formation,  but  it 
may  be  mentioned  in  passing  that  certain 
fossil  plants  foimd  here  (U.  S.  Geol.  Survey 
fossil  locality  5678)  above  the  base  of  what  has 
been  mapped  as  Poison  Canyon  are  indistin- 
guishable from  those  in  the  Raton  formation. 
They  are  Magnolia  magnifolia  Elnowlton  and 
palms. 

The  Raton  formation  is  very  fossihferous 
near  Walsenburg.  A  large  collection  was 
made  at  a  horizon  a  few  feet  above  the  Solar 
coal  in  the  north  bank  of  Cuchara  River,  one- 
fourth  mile  cast  of  the  Rockland  mine.  Tliey  ' 
are  as- follows: 

Fotail  plants  collected  near  the  Rockland  mine  southwest  of 

Walsenburg,  Colo. 

[U.  8.  Qeol.  Survey  fossil  locality  5679.) 

Andromeda  smpta  Knowlton. 
Artocarpiie  pimilLs  Knowlton. 
Castalia  Icoi  Knowlton. 
Cinnamomum  mississippiensis  ?  Lesquereux. 
Ficus  neoplanicoetata  Knowlton. 
"Geonoma"  gigantea  Knowlton. 
Juglana  rugoea  Lesquereux. 
Liquidambar?  cuchara«  Knowlton. 
Magnolia  hilgardiana  Lesquereux. 


RhamnuB  clebumi  Lesquereux. 
Sabal?  leei  Knowlton. 
Sapindus  rocklandensis  Knowlton. 
Tilia  speciofdssima  Knowlton. 
Viburnum  contortum  Lesquereux. 
Viburnum  magnum  Knowlton. 
Vitis  inominata  Knowlton. 

PICTOU  AND  MAITLAND. 

The  prominent  cliffs  that  occur  at  the  ea 
margin  of  the  coal  field  south  of  Walsei 
are  inconspicuous  or  wholly  absent  north  oi 
town.    The  outcrop  of  the  Trinidad  sand 
can  be  trart^d  readily  but  does  not  form  a 
tinuous  cliff;  as  it  does  in  most  parts  o 
field.    The  Vermejo  formation  continues  n 
ward   apparently  undiminished  in   thick 
but  no  place  was  found  during  the  some 
hasty  examination  of  this  part  of  the 
where  a  detailed  section  could  be  measi 
The  Vermejo  coals  developed  in  the  vicini 
Walsenburg  continue  northward  and  are  n 
at  Pictou  and  Maitland.     In  the  Pictou 
three  thick  beds  have  been  opened,  but  I 
ardson  '"•  has  shown  that  two  of  these  coa 
to  form  a  single  bed.      Sonic  of  the  peci 
itics    of   structure    near   Pictou   were   u 
many  years  ago.     Meade  **•  pubUshed  in 
a  cross  section  of  the  rocks  at  this  loc 
in  which  he  indicated  a  difference  in  dip 
tween  the  coal  beds  and  the  overlying  s 
stone  but  failed  to  explain  its  significance. 
Maitland  only  two  beds  of  coal  have 
opened  at  the  mine,  but  certain  drill  rec 
show  that  there  are  .several  coal  beds  in 
part   of  the  field.    The  following  sectio 
taken  from  the  record  of  a  hole  bored  abo 
miles  northwest  of  Walsenburg: 

Section  of  rocks  penetrated  by  diamond  drill  about  4 

northwest  of  Walsenburg ^  Colo. 

[For  graphic  section  soe  No.  121,  PI.  XV,  p.  132.) 

Raton  formation :  fi 

Surface  dt^'bris 1', 

Shale 5' 

Sandstone ' 

-      Shale \ 

Sandstone I 

Shale 1 

Sandstone ' 

Shale 1 

Sandstone 14 

Shale A 

Sandstone 2 

Conglomerate* 8 

Shale 7 

Sandstone 14 
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Raton  formation — ContinuecL  Ft.  In* 

Shale 6  0 

Sandstone 11  0 

Shale 20  0 

Sandstone 3  0 

Shale 6  4 

Igneous  rock 8 

Shale 7  0 

Sandstone 2  0 

Shale G  0 

Sandstone 6  0 

Shale 3  0 

Sandstone 6  0 

Shale....: 8  0 

Sandstone .• 3  0 

Shale 7  0 

Sandstone 6 

Coal 6 

Coal,  dirty 8 

Shale 4  11 

Sandstone 9  0 

Igneous  rock 4  6 

Shale 16  6 

Coal 7 

Shale 15  5 

Sandstone 18  0 

Coal 2 

Shale 5  4 

Coal 2 

Shale 3 

Sandstone 2  1 

Shale 13  0 

Coal 9 

Shale 16  .0 

Coal 8 

Shale 1  6 

Coal ■ 6 

Shale 13  4 

Sandstone  (probable  base  of  Raton  formation).  14  1 


Vermejo  formation(?): 
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Shale 

Coal 
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Shale 9 

Sandstone 14 

Shale 2 

Sandstone 2 

Shale 2 

Coal... 

Shale 13 
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Sandstone 

Shale 9 

Sandstone 15 

Shale 3 

Coal 4 

Shale 1 
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Shale 14 

Coal 4 

Shale 
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Vermejo  fonnation(?) — Continued.                           Ft.  to. 

Sandstone ^ .  18  4 

Shale 7  8 

Sandstone 2  0 

Coal 3  8 

Shale 24  8 

Coal 3 

Shale 1  7 

Coal 11 


Trinidad  (?)  sandstone. 


174      0 
.  61      1 


607    11 

The  lowest  sandstone  of  this  record  is  sup- 
posed to  be  the  Trinidad,  but  there  is  nothing^ 
in  the  record  to  denote  how  many  of  the  coal 
beds  belong  to  the  Vermejo,  nor  where  the  top 
of  this  formation  occurs.  However,  by  com- 
paring it  with  the  section  measured  near 
Walsenburg  (No.  120),  in  which  the  conglom- 
erate is  well  developed,  it  seems  probable  that 
the  14-toot  sandstone,  173  feet  above  the  top 
of  the  Trinidad,  is  the  base  of  the  Raton  forma- 
tion.    (See  PL  XV,  p.  132.) 

Little  is  known  of  the  Raton  formation 
north  of  Walsenburg!  In  the  drill  hole  just 
described  a  conglomerate  was  penetrated 
about  470  feet  above  the  top  of  the  Trinidad 
sandstone.  This  is  far  above  the  horizon  at 
which  the  basal  conglomerate  of  the  Raton 
formation  is  to  be  expected,  and  it  seems  more 
probable  that  this  conglomerate  is  either  one 
of  local  occurrence  near  the  top  of  the  Ratoii 
or  that  it  belongs  to  the  Poison  Canyon  forma- 
tion, which,  without  doubt  because  of  erosion 
of  the  Raton  formation,  is  known  to  descend 
in  the  section  toward  the  north  and  west. 

SHUMWAir. 

About  a  mile  south  of  Shumway  a  part  of 
the  Vermejo  formation  is  well  exposed  (see  PL 
XVI,  B)y  but  no  place  was  observed  where  a 
complete  and  satisfactory  section  could  be 
measured.  The  formation  here  is  divided 
about  midway  by  a  layer  of  very  resistant 
sandstone  (U.  S.  Geol.  Survey  fossil  locality 
5680)  that  contains  fossil  palms,  Sahalf  ungeri 
(Lesquereux)  Knowlton,  and  other  plants. 
This  resistant  layer  is  more  or  less  persistent 
from  Maitland  northwestward  to  Strong.  The 
basal  conglomerate  of  the  Raton  formation  was 
not  observed  closely  north  of  Walsenburg  but 
seems  to  outcrop  west  of  the  bluffs  formed  by 
this  sandstone  and  may  form  the  highest  shelf 
shown  in  Plate  XVI  ,B.   At  Shumway,  a  mining 
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town  about  6  miles  northwest  of  Walsenburg, 
the  bluflf  overlooking  the  town  is  composed  of 
conglomeratic  sandstone  20  to  30  feet  thick. 
It  is  coarse  grained,  cross-bedded,  and  of 
uneven  hardness,  and  contains  irregular  masses 
of  pebbles  that  vary  from  the  size  of  small  peas 
to  one-half  inch  in  diameter.  It  rests  uncon- 
fomiably  upon  carbonaceous  shale  and  forms 
a  broad  shelf  with  gentle  slope.  Inasmuch  as 
this  conglomerate  rests  on  the  coal-bearing 
shales  of  the  Vermejo  formation  as  'the  basal 
conglomerate  of  the  Raton  formation  does 
farther  south,  it  seems  to  represent  this  con- 
glomerate. However,  the  Uthology  is  suffi- 
ciently different  to  render  this  reference 
doubtful.  A  few  feet  above  the  top  of  the 
conglomerate  was  foimd  a  fossil  turtle  which 
0.  P.  Hay  identified  as  Baptemxjs  sp.,  but  the 
parts  necessary  for  specific  determination  are 
wanting. 

North  of  Shumway  the  Raton  formation 
was  not  certainly  recognized.  The  Vermejo 
formation  seems  to  continue  with  Uttle  change 
in  character,  but  as  certain  fossil  plants  appear 
to  cast  doubt  on  the  age  of  the  beds  the  strati- 
graphic  relations  of  the  northern  extremity  of 
the  field  must  remain  in  doubt.  Fossil  Jeaves 
were  observed  in.  several  places  and  a  few 
{ArtocarTpus  simUis  Kiiowlton  and  Sophora 
nervosa  Elnowlton),  which  belong  in  the  Raton 
flora  were  collected  near  Strong  (U.  S.  Oeol. 
Survey  fossil  locality  5682).  The  coal-bear- 
ing rocks  are  overlain  by  a  conglomeratic 
sandstone,  but  nothing  was  found  at  the 
northern  end  of  the  field  to  prove  that  this  is 
the  conglomerate  at  the  base  of  the  Raton 
formation.  In  some  places  it  resembles  certain 
parts  of  the  Poison  Canyon  formation  and  may 
belong  to  that  formation.  About  a  mile  south- 
east of  Strong  the  upper  part  of  the  coal-bearing 
rocks  is  well  exposed  in  a  steep  bluff,  the  caf> 
rock  of  which  is  conglomeratic.  This  rock  is 
hard,  coarse  grained  and  quartzose,  and  con- 
tains siliceous  pebbles  one-half  inch  or  more  in 
diameter.  In  the  vicinity  of  Strong  and  Tioga 
the  rocks  are  poorly  exposed,  and  the  struc- 
tural relations  were  not  satisfactorily  deter- 
mined. Apparently  rocks  belonging  to  the 
Poison  Canyon  formation  Ue  upon  the  Vermejo, 
as  was  found  to  be  the  case  west  of  La  Veta, 
about  15  miles  southwest  of  Tioga.  This 
seems  to  be  confirmed  by  Hills,  ^*^  for, 
according  to  the  mapping  in  the  Walsenburg 


folio,  the  coal-bearing  rocks  are  here  very  thin 
and  the  Poison  Canyon  extends  practically  to 
Tioga,  which  is  located  on  the  outcrop  of  the 
coal. 

VEBMEJO  CANTON,  N.  MEX. 
GENERAL  FEATTTBES. 

The  co«J  beds  can  not  be  followed  at  the 
outcrop  around  the  northern  end  of  the  Trini- 
dad field  to  connect  with  the  beds  outcropping 
at  the  western  margin  of  the  field,  and  in  order 
to  make  the  most  satisfactory  correlation 
between  the  beds  exposed  in  the  eastern  part 
of  the  Raton  Mesa  region  with  those  exposed 
in  the  western  part  it  is  necessary  to  return  to 
the  Raton  field,  where  two  drill  holes  in 
Vermejo  Canyon  help  to  bridge  the  gap. 

The  area  lying  between  the  Baldy  Mountain 
GocaUty  1,  p.  66)  and  Van  Bremmer  Park,  a 
distance  of  about  15  miles,  was  not  examined 
in  detail.  No  doubt  places  wiU  be  found  in 
this  area  where  the  structural  relations  of  the 
sedimentary  formations  can  be  determined, 
but  the  rocks  are  badly  obscured  by  brush  and 
surface  dfibris,  and  the  time  at  the  writer's 
disposal  was  not  sufficient  for  the  examination 
of  this  part  of  the  field.  From  Van  Brenmier 
Park  northward  to  Rita  Leandro,  a  distance  of 
about  7  miles,  the  basal  conglomerate  of  the 
Raton  formation  appears  at  the  outcrop,  but 
the  older  formations  are  so  poorly  exposed  that 
no  satisfactory  observations  were  made  on 
them.  The  hogback  formed  by  this  conglom- 
erate from  Rita  Leandro  northward  was  not 
found  in  Castle  Rock  Park  or  in  Van  Brenmier 
Park  and  is  not  known  to  occur  farther  south. 
Where  it  is  absent,  the  rock  d6bris  from  the 
mountains  which  rise  abruptly  to  the  west 
obscures  the  sedimentary  rocks  along  the 
outcrop  in  so  many  places  that  it  seemed  best 
to  resort  to  Vermejo  Canyon  (where  the 
intervals  between  good  sections  are  only  a  few 
milas)  in  order  to  correlate  the  sections 
measured  along  the  eastern  margin  of  the  field 
with  those  measured  along  the  western  margin. 

As  an  introduction  to  this  correlation  it  may 
be  recalled  that  from  Dawson  to  Van  Houten 
tlie  Vermejo  formation  ranges  in  thickness 
from  about  125  feet  to  nothing,  and  that  hi 
several  places  throughout  the  Raton  Mesa 
region  this  formation  has  been  found  to  thicken 
toward  the  west.  It  is  therefore  not  surprising 
to  fijid  that  at  the  western  margin  of  the  field 
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this  formation  is  much  thicker  than  it  is  along 
the  eastern  margin. 

In  order  to  show  graphically  the  structural 
relations  of  the  Vermejo  to  the  Raton  forma- 
tion, section  4,  measured  near  Van  Houten  and 
shown  graphically  in  Plate  X  (p.  108),  has  been 
repeated  in  Plate  XVII.  From  locality  41  to 
Dawson  the  Vermejo  formation  gradually  in- 
creases in  thickness.  Northwest  of  Dawson  it 
is  covered  with  younger  rocks,  but  these  have 
been  penetrated  by  diamond  drill  in  two  places 
in  Vermejo  Canyon.  In  one  drill  hole,  near 
the  mouth  of  Stout  Creek  flocality  23a,  p.  85), 
a  conglomerate  was  foimd  overlying  coal- 
bearing  sandstone  and  shale,  and  there  is  no 
reasonable  doubt  that  this  is  the  basal  con- 
glomerate of  the  Raton  formation  and  that  the 
underlying  rocks  are  Vermejo.  The  second 
boring  was  made  about  5  miles  farther  up 
Vermejo  River. 

SAL.T1BRS  CRBBK. 
LOCAIJTT  in. 

In  Vermejo  Canyon,  near  the  mouth  of 
SfJyers  Creek,  about  9  miles  northwest  of 
Dawson  and  5  miles  from  locality  23a,  a  thick 
bed  of  coal  outcrops  in  the  sides  of  the  can- 
yon at  a  stratigraphic  horizon  slightly  above 
locaUty  122.  This  is  obviously  one  of  the 
upper  coals  of  the  Raton  formation,  and  is  of 
assistance  in  correlating  the  beds  described  in 
the  drill  record  given  below  with  those  ob- 
served in  other  parts  of  the  coal  field.  The 
driU  was  started  in  the  floor  of  the  canyon  at 
locaUty  122  a  little  below  the  horizon  of  this  coal 
bed,  and  bored  to.  a  depth  of  nearly  1,000  feet, 
penetrating  several  beds  of  coal  and  a  conglom- 
erate that  is  obviously  the  basal  conglomerate 
of  the  Raton  formation.  Coke  and  graphite 
were  f oimd  near  the  bottom  of  the  hole,  but  no 
intrusive  rock  was  encountered.  The  occur- 
rence of  coke  and  graphite  reminds  one  of  the 
lowest  beds  of  the  Vermejo  formation  between 
Van  Houten  and  Cottonwood  Canyon,  about 
18  miles  farther  east,  where  the  coal  over  a 
large  area  has  been  changed  to  graphite  by 
intrusive  igneous  rock.  A  sandstone  lying 
below  the  lowest  bed  of  coke  penetrated  by  the 
drill  (itself  penetrated  for  15  feet)  was  thought 
by  the  engineers  in  charge  of  the  work  to  be 
the  Trinidad,  to  which  it  was  similar  in  com- 
position. There  seems  to  be  good  reason, 
however,  for  doubting  this  interpretation,  for 
if  it  is  correct,  the  rocks  between  it  and  the 


conglomerate  of  the  Raton  (only  155  feet) 
would  represent  the  full  thickness  of  the  Ver- 
mejo formation;  whereas,  in  Vermejo  Park, 
only  10  miles  northwest  of  the  mouth  of 
Salyers  Creek,  the  Vermejo  is  about  375  feet 
thick;  and  near  Dawson,  about  7  miles  in  the 
opposite  direction,  it  is  about  110  feet  thick. 
On  the  assumption  that  the  Vermejo  thins 
uniformly  from  Vermejo  Park  to  Dawson  it 
should  be  about  100  feet  thicker  at  Salyers 
Creek  than  is  indicated  by  the  drill  record, 
according  to  this  interpretation.  On  the  other 
hand,  the  known  variations  in  thickness  of 
this  formation  weaken  this  argument  and 
render  doubtful  the  correlation  made  on 
Plate  XVII. 

Although  the  thickness  of  the  Vermejo 
formation  at  this  locality  may  be  in  doubt,  the 
fact  that  it  is  considerable  is  indisputabls. 
The  conglomerate  above  it  is  similar  in  lithe* 
logic  character  and  stratigraphic  position  to 
the  basal  conglomerate  of  the  Raton  fonnation 
as  observed  at  the  outcrops  to  both  the  east 
and  the  west.  It  is  hard  and  quartzose,  and 
contains  sihceous  pebbles  of  considerable  size. 
Some  of  these  obsen'-ed  in  the  diamond  drill 
core  are  nearly  one-half  inch  in  diameter.  TbB 
drill  record  i<i  as  follows: 

Record  of  a  diamond-drill  boring  in  Vermejo  Ccmyon  at  kh 
cality  122  f  about  9  miles  northwest  of  Dawson,  N.  Mex* 

(For  graphic  section  see  PI.  XVII.] 

Raton  fonnation:  Ft.  inu 

Surface  debris 22  e 

Sandstone  and  shale  in  alternating  layers 27  0 

Sandstone. fiO  6 

Shale 16  0 

Sandstone  and  shale  in  alternating  layers 33  0 

Coal,  bony 3 

Sandstone 19  8 

Coal 8 

Shale 1  4 

Sandstone  and  shale  in  alternating  layers 336  0 

Coal,  bony 4 

Shale 8 

Coal i  4 

Sandstone 23  0 

Shale,  sandy 60  0 

Sandstone 18  0 

Sandstone  and  shale  in  alternating  layers 156  0 

Sandstone,  conglomeratic 4  0 

Shale 12  © 

Sandstone,  conglomeratic 12  0 

Coal 1  6 

Sandstone,    conglomeratic    (base    of    Raton 

formation) 20  0 

824     6 

Probable  unconformity.  "*  * 
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LOCAL  FEATURES  IN  DETAIL. 


Yennejo  fonnation: 

Shale 11  0 

Coal 1  4 

Shale 24  0 

Sandstone 20  6 

Shale,  sandy 12  0 

Coal,  bony 1  0 

Sandstone,  shaly ,  with  thin  seams  of  coal ....  9  0 

Coal 6 

Shale 7  6 

Coal,  bony 8 

Shale 1  4 

Sandstone 30  0 

Shale 3  0 

Coal,  bony 8 

Sandstone  and  shale 9  0 

"Graphitic  material " 4 

Shale 8 

Graphite 2  0 

Shale,  graphitic 1  0 

Sandstone 4  0 

Graphite 1  0 

Shale,  graphitic 9  0 

Coal,  graphitic 1  0 

Shale 2  0 

Goal,  coked 2  0 

154      6 
Sandstone 15-f 

993+ 

Two  collections  of  fossil  plants  were  made  in 
the  Vermejo  Valley  between  locality  122  and 
Vermejo  Park  at  horizons  estimated  to  be 
nearly  1,000  feet  above  the  base  of  the  Raton 
formation.     The  larger  collection  is  as  follows: 

Fo8i%l  plants  collected  in  Vermejo  Valley ^  N.  Mex.y  near 
Adtms'a  horse  ranchy  in  sec.  S6y  T.  SO  N.,  R,  19  E, 

[U.  8.  Geol.  Survey  fossil  locality  582e.] 

Aralia?  serrata  Knowlton. 

Comus  neomexicana  Knowlton. 

Ficus  denveriana  Cockerell. 

Ficus  Bchimperi  Lesquereux. 

Magnolia  anguetifolia  Newberry. 

Magnolia  leei  Knowlton. 

Magnolia  magnifolia  Knowlton. 

Nectandra  lanciiolia  (Lesquereux)  Berry. 

Platanus  aceroidee  Goppert. 

Platanus  aceroidea  latlfolia  Knowlton. 

Platanus  guillelmae  G5ppert. 

QuercuB  simplex  Newberry. 

Sabal?  ungeri  (Lesquereux)  Knowlton. 

Zizyphus  fibrillosus  (Lesquereux)  Lesquereux. 

Zizyphus  meigsii  (Lesquereux)  Berry. 

A  smaller  collection  was  made  near  the 
mouth  of  York  Canyon  at  a  horizon  a  few  feet 
higher  than  that  of  the  last  collection. 


Fossil  plants  collected  near  the  jnouth  oj 

Vermejo  Valley  ^  N.  Me:, 

[U.  8.  GeoL  Survey  fossil  locality 

Ficus  denveriana  Cockerell. 
Ficus  pseudopopulus  Lesquerei 
Laurus  socialis  Lesquereux. 
Platanus  raynoldsii  Newberry. 
Platanus  rhomboidca  Leequerei 

TERMBJO  PARK. 

Vermejo  Park  is  an  opening 
erosion  of  a  dome,  in  whose  oe 
had  been  elevated  several  hiind 
those  at  corresponding  horizons 
The  surface  rock  in  the  center 
the  Pierre  shale,  which  at  localit; 
to  the  southeast,  is  more  than  1, 
the    surface.    The    park    is    si 
precipitous    walls    formed    by 
sandstone,   the  Vermejo  forma 
base  of  the  Raton  formation.     ' 
of  this  wall  is  broken  in  three 
point  where  Spring  Canyon  joir 
the  western  extremity  (where  ' 
enters),    and   at   the  southeast 
(where    Vermejo    River    leave 
places  detailed  sections  wore  mc 

LOCALITY  12S. 

Between  the  mouth  of  Salv 
Vermejo  Park  several  beds  of 
These  are  believed  to  be  the  coa 
above  the  *^ barren  series*'  in  tt 
of  the  Raton  field.  Near  the 
extremity  of  Vermejo  Park,  ai 
the  rocks  dip  about  4*^  E.,  away  i 
of  the  dome;  and  the  Pierre  shal 
sandstone,  and  the  Vermejo  for 
are  exposed  in  the  park,  are  c 
east  by  the  yoimger  rocks, 
section  was  measured  north  of  '^ 
about  half  a  mile  from  the  po 
Trinidad  sandstone  crosses  the  r 

Section  of  rocks  measured  at  locality  li 
extremity  of  Vermejo  Park,  A 

[For  graphic  section  see  PI.  X^ 

Raton  formation: 

Conglomerate  (top  eroded  away) 

L'nconformity. 
\'erme  j  o  formation : 

Goal 

Shale,  carbonaceous  at  top,  black 

Sandstone,   massive,   fine  grained, 
iferous,  yellow 
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Vermejo  formation — Continued.  Ft.  in. 

Covered 33  0 

Shale,  somewhat  sandy,  drab 22  0 

Coal , 6  0 

Sandstone  and  shale;  not  continuously  ex- 
posed   44  0 

Sandstone,  massive,  very  friable,  white 24  0 

Coal  (streak). 

Sh&le,    drab 13  0 

Sandstone,  coarse  graine<l,  massive,  yellow 

to  white 11  0 

Shale,  very  sandy 12  0 

Sandstone,  massive,  coarse  grained,  foesil- 

iferous,  yellowish  white 12  0 

Coal 10 

Shale,  sandy,  with  thin  sandstx)ne 41  0 

Coal 3  0 

Shale,  sandy 15  0 

Coal 3  6 

Shale,  sandy,  yellow 17  0 

Coal 10 

Shale,  drab 7  0 

Coal 4 

Shale ,  drab 21  0 

Sill  of  igneous  rock,  much  altered;  contains 

coke. 6  0 

Coal,  altered  to  coke  at  top 3  4 

Not  exposed 19  0 

Coal 1  6 

Sandstone,  shaly,  friable 38  0 

370      4 

Trinidad  sandstone 100± 

Pierre-shale: 

Transitional  zone. 

Shale,  fossiliferous  (6679,  5731,  5730,  5732, 
and  5734)  (lower  2,300  feet  penetrated 
by  drill) 2,530-f 

3,020i 

The  Pierre  shale,  the  oldest  formation 
exposed  at  this  locality,  is  known  from  surface 
measurements  and  drill  records  to  bo  at  least 
2,530  feet  tliick.  At  the  Bartlett  ranch,  about 
half  a  mile  northwest  of  locaUty  123,  a  well 
was  started  230  feet  or  more  below  the  base 
of  the  Trinidad  sandstone,  which  here  forms 
a  conspicuous  cUfT  in  the  wall  of  the  park. 
The  upper  700  feet  of  the  boring  was  done 
with  cahx  drill,  and  many  fossil  shells  were 
brought  out  in  the  core.  One  of  these,  given 
to  the  writer  by  Norman  Bartlett,  htxs  been 
identified  as  Inoceramus  vanuxemi  Meek  and 
Hayden  (U.  S.  Geol.  Survey  fossil  locality 
6679).  Below  700  feet  a  chum  drill  was  used. 
Notliing  but  shale  was  encountered  to  a  depth 
of  2,300  feet,  where  work  was  discontinued. 
This  depth,  together  with  the  230  feet  of  shale 
exposed  in  the  wall  of  the  park  above  the  top 
of  the  well,  makes  a  thickness  of  at  least  2,530 


feet  of  shale,  probably  all  belonging  to  the 
Pierre,  for  no  limeston'fe  that  can  be  referred 
to  the  Niobrara  or  Benton  was  reported  by 
the  driller.  A  few  species  of  invertebrates 
collected  at  the  surface  near  locality  123  all 
came  from  the  upper  part  of  the  Pierre  shale, 
only  a  few  hundred  feet  below  the  Trinidad 
sandstone.     They  are  as  follows: 

Fossil  shells  collected  in  Vermejo  Parky  N.  Hex.,  near  top 

of  Pierre  shale. 

[V.  8.  Geol.  Survey  fossil  localities  5731,  6679,  5730,  5732,  5734.1 

Ancyloceras  sp. 

Inoceramus  barabini  Morton. 

Inoceramus  sagenf  is  Owen. 

Inoceramus  vanuxemi  Meek  and  Hayden. 

Mactra  sp. 

Ostrea  patina  Meek  and  Hayden. 

Scaphitee  nodoeus  Owen. 

The  Trinidad  sandstone  is  typically  devel- 
oped in  this  locality  and  is  about  100  feet 
thick.  It  is  separated  from  the  typical  Pierre 
shale  by  a  series  of  thin  sandstones  separated 
by  layers  of  shale  which  constitute  the  transi- 
tional zone  that  occurs  more  or  less  imiformly 
throughout  the  Raton  Mesa  region.  The  top 
of  the  Trinidad  sandstone  is  drawn  in  the 
section  at  the  top  of  the  massive  part,  thus 
placing  38  feet  of  shaly  sandstone  that  occurs 
above  it  in  the  Vermejo  formation. 

The  Vermejo  formation  is  about  375  feet 
thick  at  this  locality,  and  contains  at  least  ten 
beds  of  coal  varying  in  thickness  from  4  inches 
to  6  feet.  The  sandstones  are  coarse  and  light 
colored,  and  do  not  differ  notably  in  general 
appearance  from  the  Trinidad  sandstone. 
They  are  relatively  soft,  weather  to  a  granular 
mass,  and  disintegrates  almt)st  as  easily  as  the 
shale  that  separates  them,  so  that  a  smooth 
slope  is  formed  along  the  outcrop  of  the 
Vermejo. 

The  following-named  fossil  plants,  collected 
at  this  locality,  25  feet  below  the  top  of  the 
Vermejo  formation,  are  in  poor  state  of  preser- 
vation, few  good  specimens  being  obtainable. 
However,  it  is  clear  that  they  belong  to  the 
Vermejo  flora. 

Fossil  plants  collected  25  feet  below  the  top  of  the  Vermejo 
formation,  about  1  mile  east  of  BartlctVs  ranckf  in  the  east 
wall  of  Vermejo  Parky  N.  Mex. 

[U.  S.  Geol.  Survey  fossil  locality  5810.] 

Ficus  specioedssima  Ward. 
Pteroepermites  undulatus  Knowlton. 
Sequoia  obovata  Knowlton. 
Sabal  montana  Knowlton. 
Zizyphus  paliurifolius  Knowlton. 


LOCAL  FEATURES  IN  DETAIL. 


The  basal  conglomerate  of  the  Raton  forma- 
tion forms  the  crest  of  the  ridge  that  incloses 
the  park.  The  top  of  this  conglomerate  is 
eroded  away  at  this  locality,  and  only  20  feet 
of  it  was  included  in  the  section.  It  consists 
of  a  matrix  of  coarse-grained,  cross-bedded, 
massive  sandstone,  in  which  are  embedded 
pebbles  of  quartz,  chert,  and  a  variety  of 
igneous  and  metamorphic  rocks.  These  are 
very  irregularly  distributed  throughout  the 
rock  mass,  but  are  found  in  greatest  abundance 
near  the  base.  They  occur  most  often  in 
pockets  or  irregular  masses,  but  in  some  places 
are  somewhat  evenly  distributed  through  the 
mass.  The  conglomerate  rests  with  obvious 
erosional  imconformity  on  the  Vermejo  forma- 
tion. At  locaUty  123  it  rests  on  3  feet  of  coal, 
but  a  few  rods  farther  north  it  rests  on  shale, 
no  coal  being  present.  No  observations  were 
made  on  the  Raton  beds  above  the  conglomer- 
ate near  this  locality. 

LOOAUTTIM. 

No  sections  were  measured  in  the  north  wall 
of  Vermejo  Park,  although  the  Pierre  shale, 
Trinidad  sandstone,  Vermejo  formation,  and 
the  basal  conglomerate  of  the  Raton  formation 
are  well  exposed  in  many  places.  The  Trini- 
dad sandstone  forms  a  cUff  which  is  readily 
recognized,  and  the  conglomerate  is  equally 
conspicuous,  forming  the  crest  of  the  ridge 
inclosing  the  park.  Two  of  the  thickest  beds 
of  coal  in  the  Vermejo  formation  in  the  north 
wall  were  opened  about  the  year  1894,  and 
Orestes  St.  John,  who  reported  the  results, 
states  that  17  openings  on  the  highest  bed  show 
an  average  thickness  of  about  5  feet  8  inches 
of  coal,  and  10  openings  on  the  lowest  bed 
show  an  average  thickness  of  more  than  5  feet  of 
coal.  An  intermediate  bed  was  prospected  in 
three  places  and  found  to  contain  coal  3  to  5 
feet  thick. 

At  the  northwestern  extremity  of  Vermejo 
Park,  at  locality  124,  the  rocks  dip  about 
15®  NW.,  away  from  the  center  of  the  dome. 
At  the  point  where  the  Trinidad  sandstone 
crosses  Spring  Canyon  a  short  section  was 
measured.  The  top  of  the  Pierre  shale  is 
exposed  at  this  locaUty,  but  Uttle  attention 
was  given  to  it,  though  a  few  fossils  (Inoceramus 
bambini  Morton  and  Ostrea  pcUina  Meek  and 
Hayden)  were  found  in  the  upper  100  feet 
(U.  S.  Geol.  Survey  fossil  locaUty  6514).     The 


Trinidad    scmdstone    is    typically    devel 
and  the  following  fossils  were  found  in 
an  old  stone  quarry  in  the  north  wall  oi 
canyon: 

Fossils  collected  from  the    Trinidad  sandstone  in  i6 

Canyon. 

[U.  S.  Qeol.  Survey  fossil  locality  5727.) 

Halymenites  major  Lcequereux. 

MytiluB?  sp. 

Inoceramus  sagenaiB  Owen? 

Legumen?  sp. 

Tellina  ep. 

The  Vermejo  formation  is  here  about 
feet  thick.  The  Jower  part  of  it  is  not 
exposed,  but  some  of  the  details  of  the  u 
part  were  obtained.  The  highest  coal 
been  mined  for  local  consumption  for  se 
years  from  an  opening  known  as  the  "] 
Easy  mine."  Fossil  plants  were  collected 
the  shale  above  this  coal  bed  and  from  a  ] 
about  300  feet  farther  downstream  at  a  sh| 
higher  horizon.  These  plants  are  combini 
follows: 

FossU  plants  collected  at  the  top  of  the  Vermejo  format 
the  south  wall  of  Spring   Canyon^   in    Vermejo 
N.  Mex. 

[U.  S.  QwA,  Surrey  fossil  localities  5237, 5240, 5807,  and  580i 

Ficiis  praetrlnervis  Knowlton. 
Ficus  speciodflsima  Ward. 
Phyllites  vermejoensis  Knowlton. 
StercuUa  coriacea  Knowlton. 
Taxodium?  sp. 

Viburnum  montanum?  Knowlton. 
Viburnum  rhamnifolium  Knowlton. 

The  section  measured  at  this  locality 
follows: 

Section  of  rocks  measured  at  locality  124,  northwesU 
&emity  of  Vermejo  Parky  N.  Mex.,  in  sotUh  i 
Spring  Canyon, 

[  For  graphic  section  see  PI.  XVII.] 

Raton  formation: 

Sandstone,  conglomeratic  at  base 1* 

Unconformity.  = 

Vermejo  formation: 

Shale,  carbonaceous 

Sandstone,  fossiliferous  (5808) 

Shale,  fossiliferous  (5807) 

Coal 

Shale 

Coal 

Not  exposed 

Shale,  sandy 

Sandstone,  coarse  grained 

Coal 

Shale,  sandy 


47019'— 17 
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Vermcjo  formation— Continued.  Ft.  in. 

Sandstone,  soft,  friable 16  0 

Shale,  carbonaceous 4  0 

Sandstone,  soft,  friable 7  0 

Shale 11  0 

Sandstone 8  0 

Shale 27  0 

Sandstone 7  0 

Sandstone  and  shale,  coal  bearing,  not  con- 
tinuously exposed 195  0 


Trinidad  sandstone: 

Sandstone,  fossiliferous  (5727). 
Pierre  shale: 

Transitional  zone. 

Shale  (6514). 


343      5 
100  ± 


543  ± 


The  basal  conglomerate  of  the  Raton  forma- 
tion is  100  feet  or  more  in  thickness  at  locality 
124  and  is  unusually  massive  and  coarse  at  the 
base,  where  it  consists  of  httle  else  than  sihceous 
pebbles  1  to  2  inches  in  diameter.  The  rocks  of 
the  Raton  formation  above  the  conglomerate 
are  poorly  exposed  in  Spring  Canyon,  and  no 
attempt  was  made  to  examine  them  in  detail. 
However,  a  small  collection  of  fossils  belonging 
to  the  Raton  flora  was  made  at  a  horizon  esti- 
mated to  be  500  feet  stratigraphically  above 
the  conglomerate  (U.  S.  Geol.  Survey  fossil  lo- 
cality 5236).  These  are  identified  as  Ficus 
pseudopopulus  Lesquereux,  Juglans  rham- 
noides  Lesquereux,  Palmocarpon  palmarum 
(Lesquereux)  Knowlton,  and  Bhamnus  debumi 
Lesquereux. 

Along  the  outcrop  of  the  coal  beds  between 
Spring  Canyon  and  Vermejo  River  the  coals 
were  opened,  about  1894,  in  six  places.  The 
higher  coal  averages  6  feet  6  inches  in  thick- 
ness, and  the  lower  4  feet  7i  inches.  The 
rocks  of  the  Vermejo  do  not  seem  to  be  well 
exposed  in  the  south  wall  of  the  park,  and  no 
attempt  was  made  to  examine  them.  How- 
ever, the  coals  are  known  to  occur  in  the  south 
wall,  the  highest  one  reported  to  be  about  4 
feet  and  the  lowest  about  3  feet  6  inches 
thick.  The  basal  conglomerate  of  the  Raton 
is  conspicuous  at  the  crest  of  the  ridge. 

LOCALITY  125. 

On  Vermejo  River,  at  the  western  extremity 
of  Vermejo  Park,  a  section  was  measured  in 
the  south  waU  of  the  canyon  at  locality  125, 
about  2  miles  south  of  locality  124  and  4  miles 
west  of  locaUty  123.  The  Pierre  shale  is  ex- 
posed in  the  vaUey  to  the  east  and  the  Trinidad 
sandstone,  which  dips  6°  W.,  is  characteristi- 


cally developed.  At  the  top  of  the  Trinidad, 
about  half  a  mile  southwest  of  Vermejo  (U.  S. 
Geol.  Survey  fossil  locaUty  6517),  Stanton 
found  TeHina  scUula  Meek  and  Hayden  and 
Mactra  sp. 

The  lower  part  of  the  Vermejo  formation  is 
best  exposed  in  the  south  wall  of  the  canyon 
and  the  upper  part  in  the  north  wall.  For  this 
reason  the  upper  105  feet  of  the  formation,  as 
represented  in  the  following  section,  was  meas- 
ured north  of  the  river  opposite  locaUty  125, 
In  both  places  the  top  of  the  formation  was  ac- 
curately determined  and  the  total  thickness 
ipeasured.  In  the  south  wall  this  thickness 
was  measured  as  255  feet,  and  in  the  north  wall 
as  260  feet;  the  thickness  of  the  individual  beds, 
as  determined  in  the  two  places,  sums  up  about 
267  feet.  It  is  clear,  therefore,  that  the  accu- 
rate thickness  of  the  Vermejo  at  this  locaUty  is 
not  far  from  260  feet  as  compared  with  343  feet 
for  this  formation  2  miles  to  the  north  and  374 
feet  at  locaUty  123,  4  miles  to  the  east.  The 
section  follows: 

Section  of  rocks  mauwred  in  Vermejo  Canyon,  at  locality 

liSf  about  t  miles  west  of  Vermejo  post  office,  N.  Mex. 

[For  graphic  section  see  PI.  XVn.] 

Raton  fonnation:  Ft.    in. 

Conglomerate 100± 

Unconformity.  s==^= 

Vermejo  formation: 

Sandstone,  shaly,  yellow 

Shale,  black 

Coal 

Shale,    carbonaceous,    black,    with    several 

seams  of  coal  near  the  base 

Sandstone,  thin  bedded,  yellow 

Shale,  carbonaceous,  very  black,  with  thin 

seams  of  coal 

Coal  (streak). 

Shale 

Coal,  impure 

Shale,  drab 

Sandstone,  massive,  friable,  yellow 

Shale,  drab 

Sandstone,   soft,   friable,    massive,   gray   to 

yellow,  fossiliferous  (5809) 21      0 

Coal 6 

Shale,  sandy 36      .0 

Sandstone,  massive,  gray  to  yellow 11      0 

Sandstone  and  drab  shale 47      0 

Not  exposed ^ 37      0 
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Trinidad  sandstone 

Pierre  shale: 

Transitional  s&one. 

Shale. 


267      8 
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U.  B.  QEOLOaiOAL  SURVEY  MOFES8IONAL  PAPER  101     PLATE  X 


A.    IRREGULARLY    SHAPED    MASSES    OF    COAL. 


B.    ROUNDED   PEBBLE   OF   COAL   (o)   SURROUNDED   BY   PEBBLES   OF   SILtCEOUS    ROCK   ( 


a    PEBBLES   OF   COAL  (b.c)    EMBEDDED   \\i   CONQLOMERATrC   SANDSTONE  (•). 

Coal  rN  the  Basal  Conqlomerate  of  the  Raton  Formation,  Vermejc 
Canyon.  N.  Mex. 


PROFESSIONM.  PAPM  101     PtATE  X 


NORTH     WALL    OF    TEHWU    ^'l^n^,,    ■-«. 

Showina  structural  relations. 


B.    HOGBACK    IN    VEBMEJU    ww,    n.    mt-.. 
Showing  ,h.  b...l  .<,n,lon,.r.»  of.l,.  R.ton  fam.,l.n,  =.erl,in.  .h.  V.,m.io  =o.l  - 
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Fossil  plants  were  found  in  the  south  wall  of 
the  canyon  at  about  the  middle  of  the  Vermejo 
and  were  identified  as  follows: 

FoM  leaves  collected  near  the  middle  of  the  Vermejo  fomui- 
tian,  in  the  sotUh  wall  of  Vermejo  Canyon. 
[U.  S.  Oool.  Survey  fossil  locaUty  6809.] 

Celastrus?  sp. 

Cojutea  speciosa  Knowlton, 
Diospyros?  leei  Knowlton. 
Phyllites  nanus  Knowlton. 
Phyllites  sapindus  Knowlton. 
Phyllites  rosaefolins  Knowlton. 
Salix  sp.  a. 

The  basal  conglomerate  of  the  Raton  forma- 
tion is  well  exposed  near  this  locaUty,  but  the 
rocks  above  it  are  obscured  by  brush  and  slide 
rock.  They  are  coal  beating,  but  the  strati- 
graphic  positions  of  the  coal  beds  were  not 
determined.  The  conglomerate  is  massive, 
quartzose,  and  cross-bedded.  In  a  small  gulch 
that  enters  Vermejo  River  from  the  north, 
near  this  locaUty,  fragments  of  coal,  first  de- 
scribed by  Van  Diest,"'  occur  embedded  in  the 
conglomerate.  They  are  best  seen  in  the  east 
wall  of  this  gulch,  where  the  conglomerate  is 
well  exposed  and  consists  of  a  matrix  of  coarse- 
grained cross-bedded  sandstone,  in  which  are 
embedded  pebbles  of  quartz,  chert,  and  a  vari- 
ety of  igneous  and  metamorphic  rocks.  In 
some  places  these  pebbles  are  distributed  more 
or  less  regularly  through  the  sandstone,  and 
in  other  places  form  large  irregular  masses  of 
*' pudding  stone."  In  and  near  these  masses 
of  conglomerate  are  irregular  bodies  of  shale 
and  coal;  most  of  them  are  only  a  few  inches 
in  diameter,  though  the  coal  fragments  range 
in  size  from  small  grains  to  masses  4  feet 
long  and  6  inches  thick.  Some  of  the  smaller 
fragments  of  coal  are  rounded,  others  are 
irregularly  lenticular,  and  some  feather  out 
to  streaks  that  arc  little  more  than  carbona- 
ceous stains  in  the  conglomeratic  sandstone-. 
Some  of  this  coal  is  inclosed  in  the  hard  quartz- 
ose  conglomerate,  there  being  no  shale  or  car- 
bonaceous material  between  the  vitreous  coal 
and  the  siliceous  pebbles.  None  of  the  liunps 
of  coal  could  be  extracted  intact  from  the  con- 
glomerate, and  an  attempt  to  break  off  frag- 
ments of  the  rock  containing  them  resulted  in 
the  crumbling  and  loss  of  the  coal.  Nor  was 
the  attempt  to  photograph  them  in  place  a 


complete  success,  because  of  the  difficulty  u 

getting  good  illumination.  (See  PI.  XVIII.) 
In  reaching  the  conclusions  stated  below  sev 
eral  facts  regarding  these  pebbles  of  coal  hav 
been  considered.  First,  except  in  a  few  place 
where  the  thin  edges  feather  out,  the  coal  i 
pure,  clean,  and  bright,  with  vitreous  lustei 
In  other  words,  it  is  a  genuine  coal  and  con 
trasts  sharply  with  the  masses  of  carbonaceou 
shale  and  fragments  of  carbonized  wood  tha 
are  contained  in  the  conglomerate  togethe 
with  the  coal.  Second,  some  of  the  smalle 
pebbles  of  coal  are  well  roimded,  with  relative! 
smooth  siu^ace.  Third,  with  few  exception 
the  large  and  more  irregularly  shaped  bodie 
are  convex  upward.  (See  PI.  XVIII,  A, 
Fourth,  in  addition  to  the  coal,  there  are  nu 
merous  fragments  of  charcoal  or  carbonize< 
wood  such  as  are  found  in  many  places  in  th 
Raton  field  near  the  base  of  this  conglomerate 
These  might  sometimes  be  mistaken  for  coal 
but  on  close  examination  they  prove  to  be  sof  1 
lusterless,  and  wanting  in  the  structure  an( 
cleavage  which  characterizes  the  coal. 

The  possibiUty  that  the  coal  was  formei 
from  vegetable  matter  buried  with  the  con 
glomerate  and  later  transformed  into  coal  wa 
carefully  considered  both  at  the  time  of  th 
field  investigation  and  later.  If  the  coal  wer 
formed  from  fragments  of  wood  buried  in  th 
conglomerate  it  is  difficult  to  understand  wh; 
some  of  these  fragments  turned  to  coal  an- 
others  to  charcoal.  Furthermore,  if  thes 
bodies  represent  vegetable  matter  buried  wit 
the  conglomerate  the  overlying  conglomerat 
should  tend  to  sag,  for  coal  occupies  less  spac 
than  the  wood  from  which  it  was  formed.  O 
the  contrary,  however,  in  nearly  all  of  the  bodie 
examined  the  top  of  the  coal  was  more  or  les 
arched  (see  PI.  XVIII,  A),  and  no  evidence  c 
crushing  was  found. 

The  general  confused  appearance  of  the  cor 
glomerate,  with  its  inclusions  of  shale,  coal,  an 
charcoal,  suggests  the  caving  of  a  bank  undei 
cut  by  a  stream,  and  it  seems  probable  that  th 
stream  which  deposited  the  conglomerate  ha 
eroded  laterally  in  the  coal-bearing  shales  c 
the  Vermejo  formation  at  this  locaUty,  an 
that  the  caving  bank  supplied  the  irregulo 
masses  of  coal  and  shale  which  were  buried  b 
the  gravels  practically  where  they  fell.     Th 
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small,  well-rounded  pebbles  of  coal  may  have 
been  transported  by  the  stream  for  some  dis- 
tance and  worn  romid. 

GONZALES  CANYON,  N.  HEX. 

Between  Vermejo  Park  and  the  hogback, 
about  6  miles  to  the  west,  where  the  rocks  are 
upturned  at  the  foothills,  coal-bearing  rocks  of 
the  Raton  formation  occupy  the  trough  of  the 
syncline.  In  Gonzales  Canyon  three  beds  of 
coal  were  opened  many  years  ago.  From  such 
records  as  are  now  available,  the  lowest  seems 
to  range  in  thickness  from  2  to  18  inches,  the 
middle  one  from  2  to  12  inches,  and  the  highest 
from  3  to  23  inches.  No  information  was  ob- 
tained by  which  these  beds  can  be  correlated 
with  those  of  the  eastern  part  of  the  field,  but 
comparison  with  known  sections  in  various 
parts  of  the  region  indicates  that  they  corre- 
spond to  similar  thin  beds  observed  elsewhere 
near  the  base  of  the  Raton  formation.  Also, 
the  degree  of  dip  from  either  side  toward  the 
trough  of  the  syncUne,  considered  in  connec- 
tion with  the  character  of  the  rocks,  inclines 
the  writer  to  the  opinion  that  these  coal  beds 
are  the  lowest  of  the  Raton  coals. 

The  rocks  contain  fossil  plants  in  great  abun- 
dance, but  no  collections  were  made  in  this  part 
of  the  field. 

HOGBACK  ABSA. 
QKNBRAIj  fkatuues. 

At  the  northwestern  extremity  of  the  Raton 
coal  field,  west  of  the  syncline  just  described, 
the  coal  measures,  together  with  the  underlying 
rocks,  are  upturned  in  the  foothills  of  thaSangre 
de  Cristo  Mountains  and  dip  10°  to  30°  E. 
Here,  as  in  Vermejo  Park,  the  basal  conglom- 
erate of  the  Raton  formation  forms  the  crest  of 
the  most  prominent  ridge.  This  is  separated 
from  the  mountain  front  bv  a  broad  structural 
valley  eroded  in  the  weak  shales  of  Pierre  and 
Benton  age.  In  the  western  part  of  this  valley, 
about  12  miles  northwest  of  Vermejo  (U.  S. 
Geol.  Survey  fossil  locality  6515)  Stanton  found 
Inoceratnus  labiatus  Schlotheim  in  a  limestone 
at  the  horizon  of  the  Greenhorn  limestone.  At 
the  same  locality,  but  stratigraphically  150  to 
200  feet  higher  (U.  S.  Geol.  Survey  fossil  local- 
ity 6516),  he  found  the  upper  Benton  forms 
Ostrea  luguhris  Conrad,  Inoceramusfragilis  Meek 
and  Hayden?,  and  Prionocydus  vyyomingensis 
Meek. 


The  Trinidad  sandstone,  which  forms  such  a 
conspicuous  shelf  along  the  eastern  margin  of 
the  Raton  Mesa  region,  is  present  and  has  essen- 
tially the  same  thickness  and  character,  but 
here  it  assumes  a  subordinate  r61e  in  shaping 
the  topography,  the  controlling  stratum  being 
the  massive  resistant  conglomerate  which  seems 
to  be  several  hundred  feet  thick.  The  struc- 
tural relations  of  the  formations  are  well  shown 
in  the  gap  occupied  by  Vermejo  River.  In 
this  gap  the  Pierre  shale,  Vermejo  formation, 
and  the  basal  conglomerate  of  the  Raton  forma- 
tion are  well  exposed  and  dip  about  12°  E.  The 
general  aspect  of  the  rocks  and  a  cross  section 
of  the  hogback  are  shown  in  Plate  XIX,  B, 
The  crest  and  eastern  slope  of  the  ridge  are 
formed  by  the  conglomerate,  from  which  the 
weaker  rocks  lying  stratigraphically  higher  have 
been  eroded.  The  underlying  Vermejo  forms  a 
characteristic  relatively  smooth  slope,  on  which 
boulders  of  conglomerate  lodge  and,  as  in  many 
other  places  along  the  hogback,  render  exami- 
nation difficult.  However,  the  underlying  rocks 
are  exposed  about  a-  quarter  of  a  mile  farther 
north,  where  the  details  in  the  diagrammatic 
section  were  obtained. 

The  basal  conglomerate  of  the  Raton  forma- 
tion in  the  gap  was  examined  with  consid- 
erable care,  and  an  effort  was  made  to  find 
as  great  a  variety  as  possible  of  the  pebbles 
composing  it  in  the  hope  that  these  would 
give  a  chie  to  the  region  whence  the  material 
was  derived  and  would  give  some  indication  of 
the  length  of  time  represented  by  the  imcon- 
formity  between  the  Vermejo  and  the  Raton 
formations.  The  massive  part  of  the  conglom- 
erate which  forms  the  crest  of  the  hogback  is 
about  60  feet  thick,  but  a  considerable  though 
undetermined  thickness  has  been  removed  bv 
erosion.  What  remains  is  very  massive  and 
resistant.  Blocks  10  or  15  feet  in  diameter, 
consisting  chiefly  of  well-rounded  pebbles  of 
siliceous  rocks,  are  nimierous  along  the  slope. 
Pebbles  up  to  2  inches  in  diameter  are  common, 
and  some  about  4  inches  in  diameter  were 
found. 

A  considerable  variety  of  rock  is  represented 
by  the  pebbles.  Some  are  of  relatively  soft 
sandstone  that  resembles  the  sandstones  of  the 
Vermejo  and  Trinidad  formations.  Some  are 
of  ferruginous  sandstone  similar  to  the  so-called 
ironstones  common  in  the  Vermejo.  Others 
were  derived  from  some  coarse-grained,  quartz- 
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ose  sandstone  or  from  a  quartzose  conglomerate 
similar  to  the  conglomeratic  sandstone  of  the 
Purgatoire  formation,  which  now  outcrops  in  a 
prominent  hogback  west  of  the  coal  field,  strati- 
graphically  more  than  3,000  feet  below  the  con- 
glomerate. There  are  pebbles  of  red  sandstone 
1  to  3  inches  in  diameter,  which  could  come 
only  from  the  red  beds  now  exposed  in  the  foot- 
hills to  the  west,  4,000  feet  or  more  strati- 
graphically  below  the  basal  conglomerate  of  the 
Raton.  There  are  pebbles  of  quartz,  quartz- 
ite,  chert,  and  other  metamorphic  rocks,  with 
which  are  included  a  few  small  pebbles  of  a 
red  material  resembling  jasper.  -Many  of  the 
cherts  bear  impressions  of  crinoid  stems  and 
some  impressions  of  small  shells  that  could  not 
be  generically  determined.  A  few  pebbles  of 
granite  and  several  of  fine-grained  igneous  rock 
supposed  to  be  derived  from  dikes  were  foimd. 
Several  pebbles  of  feldspar,  some  of  them  nearly 
an  inch  in  diameter,  were  found  so  well  pre- 
served that  their  cleavage  faces  could  be  deter- 
mined. However,  the  feldspar  seems  to  be 
most  abundant  in  the  matrix  in  which  the  larger 
pebbles  are  embedded  and  is  mostly  decom- 
posed. Soft  kaolin,  which  apparently  resulted 
from  the  decomposition  of  pebbles  of  feldspar, 
was  foimd  in  some  places. 

Many  fossil  leaves  were  seen  in  the  rocks  of 
the  Raton  formation  east  of  Vermejo  Gap,  but 
none  of  them  was  collected  except  PlcUanus 
guUldmae  Goppert,  which  was  found  in  a  sandy 
layer  in  the  midst  of  the  conglomerate  (U.  S. 
Geol.  Survey  fossil  locality  5239). 

RITO  LEAKDRO. 

LOCALITY  126. 

The  southernmost  point  at  which  a  section 
was  measured  on  the  hogback  is  at  locality  126, 
north  of  Rito  Leandro.  This  locality  is  about 
6  miles  west  of  the  point  where  the  Spring 
Canyon  section  was  measured.  The  rocls  are 
poorly  exposed  here,  and  the  principal  object 
in  measuring  the  section  was  to  obtain  the 
thickness  of  the  Vermejo  formation  and  to  as- 
certain its  relations  to  the  Trinidad  sandstone 
and  to  the  Raton  formation.  It  consists  of 
shale,  coal,  and  relatively  soft  sandstone,  which 
do  not  seem  to  differ  in  character  from  those 
of  the  better-exposed  sections  farther  north. 
The  section  follows: 


Section  of  rocks  measured  at  locality  126,  at  the  western  marg 
of  the  Raton  coalfield^  south  of  Rito  Leandro. 

[For  graphic  section,  see  V\.  XVII,  p.  142.] 

Raton  formation:  pet 

Conglomerate 75 

Unconformity. 

Vermejo  formation: 

Shale,  sandstone,  and  coal,  not  well  exposed. .  2G0 
Trinidad  sandstone 100 

Pierre  shale: 

Transitional  zone. 

Shale.  

435 

In  the  western  slope  of  the  hogback,  south  < 
Rito  Leandro,  three  of  the  thickest  beds  of  co 
in  the  Vermejo  formation  have  been  openei 
No  measm^ement  of  the  lowest  could  be  ol 
tained,  but  the  middle  coal  is  5  feet  thick  ar 
the  highest  is  8  feet  6  inches  thick.  Still  fa 
ther  south  the  surface  at  the  outcrop  of  tl 
Vermejo  is  badly  covered  with  brush,  and  r 
details  of  the  rocks  were  obtained.  The  ho| 
back  formed  by  the  basal  conglomerate  of  tl 
Raton  formation  is  traceable  for  several  mile 
but  it  seems  to  disappear  farther  south  an 
was  not  recognized  as  a  separate  topograph 
feature  west  of  Castle  Rock  Park. 

LOCALITY  m. 

About  half  a  mile  north  of  Vermejo  Gap  tl 
rocks  are  well  exposed  in  a  shallow  ravine  \ 
locality  127,  about  IJ  miles  north  of  locahl 
126.  The  typical  Pierre  shale  is  exposed  at  tl 
foot  of  the  slope  but  was  not  examined.  Tl 
zone  of  sandy  transitional  beds  between  tl 
Pierre  and  the  Trinidad  sandstone  was  presen 
and  the  thickness  of  the  sandstone  was  est 
mated  at  100  feet. 

The  Vermejo  formation  is  here  about  2' 
feet  thick  as  compared  with  260  feet  IJ  mil 
farther  south  and  374  feet  at  locahty  123, 
miles  to  the  southeast.  It  consists  of  co£ 
shale,  and  coarse-grained,  friable,  Ught-colon 
sandstone,  similar  to  that  foimd  in  many  plac 
in  this  formation  throughout  the  Raton  Me; 
region.  Nine  beds  of  coal  range  in  thickne 
from  a  few  inches  to  5  feet  6  inches.  Three 
them  were  opened  several  years  ago  in  a  nur 
bcr  of  places  between  this  locahty  and  Verme 
Gap.  The  record  of  these  openings  show  th 
the  coal  in  the  lowest  bed  ranges  in  thic 
ness  from  1  foot  6  inches  to  2  fee":;  that  tl 
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middle  bed  averages  about  2  feet  6  inches;  and 
that  the  highest  ranges  from  3  feet  6  inches 
to  6  feet  5  inches.  The  highest  sandstone  in 
the  Vermejo  formation  at  this  locality  contains 
fossil  plants,  but  no  identifiable  forms  were 
collected. 

The  b^isal  conglomerate  of  the  Raton  forma- 
tion at  this  locality  is  the  same  as  that  at  Ver-. 
mejo  (rap.  (See  PI.  XIX,  B.)  The  section 
follows: 

Sect  inn  ofrockn  mcanumiat  locality  127,  in  the  western  face  of 
the  ho(fhark  Haifa  mile  north  of  Vermejo  Gap. 

I  For  graphic  section  see  1*1.  XVIl,  p.  142. J 

Kutoii  formation:  Ft.  in. 

< 'oii^loinorato,  top  eroded  away  (5239) 60-h 

rnconformity.  === 

Vcrint'jo  formation: 

SandHtono,  foMsilifcrous 8  0 

Shalo,  yollow 3  0 

Shale,  carbonaceous 2  0 

( 'oal 5  6 

Shale,  covered,  yellow.. 45  0 

SandHtone,  coarse  grained,  massive,  gray 16  0 

S  hale 13  0 

Ooal,  impure 1  0 

Shale  and  sandstone 8  0- 

Sandstone,  friable,  white 17  0 

Shale,  carbonaceous 4  o 

('oal 6 

Shale,  carbonaceous  near  the  top 17  0 

Shale,  carbonaceous 3  0 

Coal 1  6 

Shale 9  0 

Coal 1  0 

Shale 5  0 

Coal 6 

Shale,  sandy 6  0 

Sandstone,   coarse    grained,  shaly  near  the 

top,  white 32  0 

Sliale,  carbonaceous  near  top 4  0 

( 'Oal 6 

Shale,  containing  ironstone  concretions 23  0 

Sandstone,  brown 1  8 

Shale,  yellow 4  0 

Sandstone,  friable,  white 3  0 

Coal 2  2 

Shale,  sandy 8  0 

Shale,  carbonaceous 2  0 

Shale,  sandy,  brown 23  0 

Coal 1  0 

Shale,  carbonaceous 2  0 


Trinidad  sandstone. 
Pierre  shale: 

Transitional  zone. 
Shale 


272      4 
100± 


432  i 


LOCALITY  128. 

A  well-exposed  section  was  measured  in  the 
west  slope  of  the  hogback  at  locality  128,  about 
a  mile  north  of  the  section  at  locality  127,  to 
which  it  is  very  similar.  The  Vermejo  fonna- 
tion,  however,  is  somewhat  thicker  and  con- 
tains fourteen  instead  of  nine  beds  of  coal  4 
inches  or  more  in  thickness.  The  section  fol- 
lows : 

Section  of  rocks  measured  in  the  hogback  at  locality  128^ 
about  i  J  mUes  north  of  Vermejo  Gap, 

(For  graphic  section  see  PI.  XVII,  p.  142.) 

Raton  formation:  pt.    in. 
Conglomerate  with  pebbles  up  to  5  inches 

in  diameter  (top  eroded  away) 75-|- 

Unconformity.  ===== 

Vermejo  formation: 

Shale,  not  well  exposed 18      0 

Coal 6 

Shale 2      0 

Coal 3      0 

Shale 30      0 

Coal 2      0 

Shale 4      0 

Sandstone,  white 18      0 

Shale,  sandy 8      0 

Sandstone,  white 15      0 

Shale 18      0 

Coal 1      0 

Shale 15      0 

Coal 4 

Shale.. 4      0 

Coal 1      2 

Shale,  sandy 18      0 

Coal 6 

Shale 17      0 

Sandstone,  friable,  white,  irregular  bedding  20      0 

Coal 1      6 

Shale,  sandy /. ..  8      0 

Coal 2      0 

Shale 15      0 

Sandstone 10      0 

Shale,  with  thin  beds  of  sandstone 6      0 

Sandstone,  friable,  white 18      0 

Shale 4      0 

Coal 1      2 

Shale 4      0 

Coal 2      4 

Shale  and  sandstone 7      0 

Coal 1      6 

Shale  and  sandstone 5     -0 

Coal 1    10 

Shale 4      0 

Coal 1      8 

Shale  with  bands  of  ironstone 12      0 


300      6 


LOCAL  FEATURES  IN   DETAIL. 


Ft.     in. 
Trinidad  sandBtone — 75      0 

Pierre  ehale: 

Transitioiutl  zone. 

Shale.  *  ^     • 

.  450+ 

SAN  FRANCISCO  PASS. 

LOCALITY  129. 

For  a  considerable  distance  north  of  locality 
128  the  Vennejo  formation  is  not  well  exposed, 
but  at  locality  129,  about  quarter  of  a  mile 
south  of  the  Colorado-New  Mexico  line  the 
following  section  of  the  lower  part  of  the  Ver- 
mejo,  of  the  Trinidad  sandstone,  and  of  the 
basal  conglomerate  of  the  Raton  formation 
was  measured: 

Section  of  rocks  measured  in  the  hogback  al  locality  129  j  one- 
fourth  mile  south  of  the  Colorado- New  Mexico  boundary. 

[For  graphic  section  see  Pi.  XVII,  p.  142.J 

Raton  formation: 

Conglomerate  and  coarse-grained  sandstone, 
containing  pebbles  of  many  kinds  of  rock 
including  well-rounded  pebbles  of  coal  from 
the  size  of  small  peas  up  to  one-half  inch    Ft:    in. 

in  diameter 157      0 

Unconformity.  === 

Vermejo  formation: 

Sandstone  and  sandy  shale  not  continuously 

exposed 285      0 

Coal 3      0 

Shale,  drab,  and  sandy  shale,  not  continu- 
ously exposed 20      0 

Coal 1      8 

^hale,  carbonaceous 1*0      0 

Sandstone,    shaly   to    massive,    fossiliferous 

(5806  and  5238) 6      0 

Shale,  sandy 5      0 

Sandstone,  shaly 5      0 

335      8 

Trinidad  sandstone 75d: 

Pierre  shale: 

Transitional  zone. 

Shale.  == 

567  ± 

The  Pierre  shale  is  exposed  at  the  base  of 
the  slope,  and  the  massive  part  of  the  over- 
lying Trinidad  sandstone  was  found  to  be 
approximately  75  feet  thick.  There  is  some 
doubt  where  the  line  separating  the  Trinidad 
sandstone  from  the  Vermejo  formation  should 
be  drawn.  In  neighboring  localities  where  coal 
and  carbonaceous  shale  occur  close  to  the 
undoubted  Trinidad  there  is  no  such  difficulty. 
But  at  this  locality  the  lowest  coal  lies  26  feet 
above  the  massive  part  of  the  Trinidad  sand- 
stone and  is  separated  from  it  by  shaly  sand- 
stone in  which,  in  a  6-foot  sandstone  10 
feet  above  the  massive  part  of  the  Trinidad, 
shells  belonging  to  the  marine  Cretaceous  fauna 


were  found.     This  faima  is  sparingly  re 
sented  in   the  Trinidad  sandstone,    and 
shells,  in  the  opinion  of  T.  W.  Stanton,  ^ 
identified  them,  indicate  that  this  6-foot 
belongs  to  the  Trinidad.    On  the  other  he 
fossil  plants  that  obviously  belong  to  the  ^ 
mejo  flora  occur  in  the  same  rock  with 
shells. 

Fossils  found  between  undoubted  THnidad  sandsUme  am 
Vermejo  fonnatUm,  at  locality  129, 

Invertebrates  (U.  S.  Geol.  Survey  fossil  locality  5728) 

Tellina  scitula  Meek  and  Hayden. 

Panopaea?  sp. 

Several  small  undetermined  shells. 
Plants  (U.  S.  Geol.  Survey  fossil  localities  5806  and  52 

Hedera  rotundifolia  Knowlton. 

Phyllites  nanus  Knowlton. 

The  association  here  of  Trinidad  and  \ 
mejo  fossils  is  in  harmony  with  the  h 
already  described  (p.  49)  and  indicates  t 
there  is  no  sharp  distinction  between  the  i 
formations.  They  represent  practically  c 
tinuous  deposition,  the  Trinidad  represent 
the  last  stages  of  marine  deposition  and 
Vermejo  the  accumulation  of  material  on.l< 
lying  flats  lately  occupied  by  the  sea. 

Only  two  beds  of  coal  were  found,  proba 
because  of  iniperfect  exposures,  for  from 
records  of  old  prospects  it  appears  that  th 
coal  beds  have  been  opened  in  several  pla 
near  by.  Between  locality  128  (to  .the  sou 
and  a  point  a  mile  or  more  north  of  locality  1 
the  lowest  bed  prospected  ranges  in  thickn 
from  1  foot  6  inches  to  6  feet,  the  middle  1 
from  1  foot  to  4  feet,  and  the  highest  from  2  f 
to  6  feet  in  thickness. 

The  basal  conglomerate  of  the  Raton  i 
mation  forms  a  prominent  diff  at  this  locali 
It  rests  with  uneven  base  on  the  underly 
rocks  and  is  obviously  unconformable  w 
them.  It  does  not  differ  greatly  in  charac 
from  the  conglomerate  described  at  the  loc 
ties  farther  south  along  the  hogback,  exc« 
that  it  is  not  quite  so  coarse.  Probably 
most  significant  feature,  showing  its  relat 
to  the  underlying  Vermejo,  is  its  content 
small  pebbles  of  coal.  Several  of  these  w 
well  rounded  like  pebbles  of  other  kinds  of  re 
in  the  same  bed. 

LOCALnY  ISO. 

North  of  the  Colorado  State  line  the  slo] 
are  forested,  and  good  exposures  of  the  ro< 
are  rare.     Tlie  eastward  dip  of  the  rocks  gri 
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ually  decreases  toward  the  north,  and  the  basal 
conglomerate  of  the  Raton  formation  does  not 
form  the  crest  of  a  ridge,  for  the  overlying 
rocks  are  not  eroded  away  as  they  are  farther 
south.  Nevertheless  the  slope  which  to  the 
south  forms  the  western  face  of  the  hogback 
continues  and  the  Vermejo  formation  outcrops 
in  it,  as  do  also  both  the  underlying  and  the 
overlying  rocks.  A  fairly  well  exposed  section 
was  found  in  a  gulch  about  IV  miles  north  of 
the  State  line  at  locality  130,  2  miles  north  of 
locality  129. 

The  top  of  the  Pierre  shale  and  the  Trinidad 
sandstone  are  exposed,  and  the  thickness  of  the 
Trinidad  estimated  at  100  feet.  The  Vermejo 
dips  25°  E.  and  is  exposed  along  the  winding 
course  of  the  gulch.  It  appears  to  be  some- 
what thicker  than  it  is  farther  south.  Four 
beds  of  coal  were  found  in  it,  but  doubtless 
there  are  other  coals  in  the  wide  intervals  of 
poorly  exposed  rock.  The  principal  coal  beds 
of  the  Vermejo  have  been  opened  along  the 
outcrop  in  this  vicinity,  but  few  of  the  old 
prospects  were  accessible  at  the  time  of  investi- 
gation and  the  number  and  character  of  the 
coals  are  best  indicated  in  the  vicinity  of  the 
Tercio  mines,  about  6  miles  farther  east. 

The  basal  conglomerate  of  the  Raton  forma- 
tion is  not  so  coarse  at  locality  130  as  it  is  far- 
ther south,  but  otherwise  it  does  not  differ  in 
any  notable  way.  It  is  coarsest  at  the  base, 
where  it  contains  pebbles  irregularly  distrib- 
uted through  a  matrix  of  coarse-grained  arkose 
sandstone.  Above  this  basal  part  lies  200  feet 
of  more  or  less  conglomeratic  sandstone  or  grit, 
overlain  by  a  considerable,  though  unmeasured, 
thickness  of  grits  and  coarse-grained  sand- 
stones.    The  section  follows: 

Section  of  rocks  measured  at  locality  130  ^  about  4  miles 

southwest  of  Torres,  Colo. 

[For  graphic  section  see  PI.  XVII,  p.  142.1 

Raton  formation:                                                         Ft.  in 

Conglomerate 200  0 

Unconformity.  ==z= 

Vermejo  formation: 

Shale 3  0 

Sandstone 7  0 

Coal 3  4 

Shale,  drab 15  0 

Sandstone,   massive,   hard,   coarse  grained, 

white 22  0 

Sandstone,  thin  bedded,  yellow. 12  0 

Sandstone,  friable 7  0 

Shale  and  friable  sandstone,  not  well  ex- 
posed  115  0 


Vermejo  formation — Continued.  Ft.    in. 

Shale,  sandy,  not  continuously  exposed 32      0 

Coal 1      0 

Shale,  sandy 10      0 

Coal 2-f 

Sandstone  and  shale,  not  continuously  ex- 
posed   74 

Shale 2 

Coal 5 

Covered  at  base,  shale  at  top 6 


0 
0 
0 
0 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


316-f- 
100  ± 


616± 


From  this  locality  northward  to  Torres,  a  dis- 
tance of  about  4  miles,  the  formations  described 
in  the  last  section  continue  without  notable 
change,  but  were  not  examined  in  detail.  West 
of  Torres,  in  the  canyon  of  South  Fork  of  Pur- 
gatoire  River,  a  section  was  measured  (see  p.  41) 
which  included  the  rocks  from  the  ancient  crys- 
tallines of  the  mountains  to  those  of  the  Cre- 
taceous. 

TEBCIO  PABX. 
OENERAIi  FEATX7RBS. 

Tercio  Park  is  an  opening  similar  to  Vermejo 
Park,  except  that  it  is  not  entirely  inclosed  by 
the  coal  measures.  It  was  formed  by  the 
erosion  of  the  younger  rocks  from  the  crest  of 
a  dome  and  by  the  exposure  of  the  easily  eroded 
Pierre  shale  in  the  center.  The  crest  of  the  in- 
closing ridge  consists  of  coarse-grained  conglom- 
eratic sandstone  of  the  Raton,  in  which  occur  a 
few  layers  of  sandy  shale.  The  pebbles  are 
largest  and  most  numerous  near  the  base,  where 
in  some  places  they  occur  in  pockets  and  lentic- 
ular masses  and  in  other  places  are  somewhat 
generally  disseminated  through  a  considerable 
thickness  of  sandstone.  The  higher  parts  are 
less  conglomeratic,  but  pebbles  are  common 
through  a  thickness  of  nearly  300  feet.  The 
usual  range  of  pebbles  of  igneous  and  meta- 
morphic  rocks  is  present  and  includes  several  of 
special  significance.  One  pebble  is  of  petrified 
wood,  which  was  obviously  silicified  before  the 
time  of  erosion  during  which  the  pebble  was 
formed.  It  may  have  come  from  the  Vermejo 
formation  or  from  the  Dakota  sandstone,  both 
of  which  contain  petrified  wood.  Several  peb- 
bles consist  of  gray  quartzitic  sandstone  and 
conglomerate,  apparently  derived  from  sand- 
stone of  the  Purgatoire  formation,  which  is 
now  uj)tumed  in  a  prominent  hogback  to  the 
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west.  One  pebble  (found  at  Tercio)  consists  of 
a  horn  coral  such  as  have  been  found  in  the 
limestones  of  the  Carboniferous  in  the  moun- 
tains to  the  west.  Many  of  the  chert  pebbles 
contain  impressions  of  crinoid  steins  and  of 
undetermined  species  of  shells.  Apparently 
these  cherts  also  came  from  the  Carboniferous 
beds,  for  no  limestone  that  could  furnish  them 
is  known  to  occur  in  the  overlying  red  beds. 
One  pebble  was  worn  from  a  crystal  of  feldspar 
at  least  an  inch  in  diameter.  The  sUghtly  de- 
composed condition  of  this  and  other  feldspar 
pebbles  seems  to  indicate  that  they  were  de- 
rived directly  from  the  crystalline  rocks  to  the 


west. 


CTJATRO. 

LOCALITT  130. 


No  details  were  obtained  along  the  outcrop 
between  locality  130  and  Cuatro,  4  miles  dis- 
tant. At  Cuatro  the  dip  is  opposite  that  at 
locality.  130  and  the  syncline  thus  formed 
plunges  southward.  The  coals  in  the  lower  part 
of  the  Vermejo  formation  have  been  mined  at 
Cuatro.  The  following  succession  of  beds  is 
described  by  Richardson:  '* 

Section  of  rocks  measured  <U  Cuatro^  Colo. 
Shale.  Ft.  in. 

Coal 2  8 

Shale 4  0 

Coal 2  0 

Shale 15  0 

Coal 3  7 

Shale 7  0 

Sandstone 18  0 

Shale : 27  0 

Coal 4  5 

Shale 2  10 

Sandstone  (Trinidad).  

86      6 

A  few  fossil  plants  belonging  to  the  Vermejo 

flora  were  foimd  in  the  lower  50  feet  of  the 

coal-bearing  rocks  (U.  S.  Geol.  Survey  fossil 

locality  5805).     They  were  Ficus  praetrinervis 

Knowlton,  Pterisf  sp.,  Sequoia  ohovcUa  Knowl- 

toui  and  a  curious  seedling  that  has  not  been 

named. 

LOCALITT  isi. 

At  locality  131,  li  miles  south  of  Tercio  and 
about  6  miles  east  of  locality  130,  on  the  eastern 
limb  of  the  so-called  Tercio  antichne,  the  strata 
dip  about  40*^  E.  The  thicknesses  of  the  Trini- 
dad sandstone  and  of  the  conglomerate  at  the 
base  of  the  Baton  formation  were  estimated  at 
this  locality,  but  the  thickness  of  the  Vermejo 
formation  was  measured,  and  was  found  to  be 


about  245  feet  (about  71  feet  less  than  at  loci 
ity  130).  Six  beds  of  coal  varying  in  thickne 
from  1  to  8  feet  were  found,  and  others  doub 
less  occur  in  the  imexposed  intervals  near  tl 
base,  for  in  the  Tercio  section  beds  of  coal 
considerable  thickness  occur  at  horizons  th; 
fall  within  these  unexposed  intervals.  Tl 
section  follows: 

Section  of  rocks  measitred  at  locality  ISl^  at  an  abandon 
mine  about  i  J  miles  south  of  Tercio,  Colo. 

[For  graphic  section  see  Fl.  XVn,  p.  142.] 

Baton  fonnation:  Ft. 

Conglomerate 100-f 

Unconfonnity.  == 

Vennejo  formation: 

Covered 37 

Coal 2 

Shale 5 

Coal 8 

Shale 7 

Coal 4 

Shale 26 

Sandstone,  friable,  coarsegrained,  white 10 

Coke 1 

Basalt 5 

Shale,  sandy 22 

Sandstone,  friable,  coarsegrained,  white 5 

Shale,  sandy,  with  thin  seams  of  coal  at  top . .  9 

Sandstone,  friable,  white 6 

Covered 26 

Sandstone,  friable,  white 15 

Shale 1 

Coal 2 

Shale 4 

Covered 40 

Coal 3 

Shale,  drab 5 


Trinidad  sandstone 

Pierre  shale: 

Transitional  zone. 

Shale. 


244 
100  ± 


TERCIO. 

LOCALITY  132. 


444 


At  Tercio,  IJ  miles  north  of  locality  13-1,  tl 
South  Fork  of  Purgatoire  River  has  eroded 
narrow  canyon  through  the  upturned  sedime 
tary  rocks  and  has  exposed  the  formations  fro 
the  Pierre  shale  to  the  Poison  Canyon  bed 
The  beds  are  tilted  steeply  toward  the  east  ai 
strike  N.  21°  W.  The  dip  of  the  rocks  repr 
sented  by  the  lower  part  of  the  section  is  55 
but  farther  downstream,  where  the  upper  pa 
of  the  section  was  measured,  the  dip  is  on 
10°.  A  favorable  opportunity  was  affordi 
here   for    measuring    a    section.     The    Rate 
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formation  is  thicker  than  it  is  at  many  of  the  ; 
localities  where  sections  were  measured,  prob- 
ably because  it  was  eroded  less  deeply  before 
the  deposition  of  the  Poison  Canyon  formation. 
Inasmuch  as  the  section  is  the  most  complete 
one  measured  in  the  western  part  of  the  Raton 
Mesa  region,  care  was  taken  to  extend  it  to  in- 
clude the  base  of  the  Poison  Canyon  formation. 
The  difficulty  met  with  elsewhere  in  distin- 
guishmg  between  the  Raton  and  Poison  Canyon 
formations  w^as  found  here.  The  line  of  sepa- 
ration in  the  following  section  is  drawn  at  the 
base  of  the  higher  conglomerates.  The  lower 
part  of  the  section,  showing  the  relations  of 
the  Vermejo  formation  to  that  of  neighboring 
localities,  has  been  plotted  in  Plate  XVII 
(p.  142),  and  the  complete  section  in  Plate 
XV  (p.  132). 

Section  of  rocks  measured  at  locality  132 y  on  South  Fork  of 
Pwrgatoire  River,  Tercio,  Colo. 

(For  graphic  section  see  Pis.  XV,  p.  132,  and  XVII,  p.  142.) 

PoiBon  Canyon  formation: 

Sandstone,  coarse  grained,  conglomeratic,        Ft.   in. 

0 
0 
0 


yellowish  white 97 

Covered 52 

Conglomerate 6 

Sandstone,  rather  coarse  grained,  but   thin 

bedded 42 

Sandstone,    conglomeratic,    quartz    pebbles 

up  to  three-fourths  inch  in  diameter 6 


0 


0 


203      0 


Raton  formation: 

Sandstone,  thin  bedded,  yellow 

Covered 

Sandstone,  thin  bedded,  yellow 

Covered 

Sandstone,  massive,  yellow 

Covered 

Sandstone,    coarse    grained,    cliff    making, 

yellow 

Covered 

Sandstone,  massive,  shaly  at  baso,  yellow 

Covered 

Shale,  drab 

Coal 

Sandstone,  thin  bedded,  yellow 

Covered 

Sandstone,  massive,  yellowish  red 

Covered 

Coal 

Shale,  sandy,  yellow 

Sandstone,  massive,  yellow 

Coal 

Shale 

Sandstone,  massive,  yellow 

Shale 

Coal  (streak). 
Sandstone,  massive 


14 

0 

21 

0 

15 

0 

36 

0 

26 

0 

52 

0 

43 

0 

29 

0 

31 

0 

24 

0 

6 

0 

2+ 

21 

0 

42 

0 

10 

0 

33 

0 

2 

6 

5 

0 

6 

0 

3 

0 

4 

0 

7 

0 

2 

0 

14      0 


Raton  formation — Continued. 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Sliale,  drab 

Sandstone,      thin      bedded,     yellow,      and 

sandy  shale 

Sandstone,     coarse    grained,     weathers     to 

yellowish  red 

Shale  and  shaly  sandstone 

Sandstone,    massive,    fossiliferous,    yellow- 
ish white 

Covered 

Sandstone,  massive,  coarse  grained,  yellow 

Coal 

Shale,  carbonaceous,  black 

Coal 

Shale,  carbonaceous,  black 

Coal 

Shale,  sandy,  yellow 

Covered 

Sandstone,  massive,  white 

Shale,  drab 

Coal 

Shale,  drab 

Coal 

Sandstone,  shaly,  yellow 

Sandstone,  hard,  massive,  white,  fossil- 
iferous (5802) 

Covered 

Sandstone,  hard,  massive,  yellow  to  gray. . 

Shale  at  base,  covered  above 

Sandstone,    fine  grained,   hard,    massive, 

yellow  to  gray,  fossiliferous  (5803) 

Shale,  sandy,  yellow 

Coal. 

Shale,  drab,  sandy 

Sandstone,  hard,  massive,  white 

Covered 

Sandstone,  thin  bedded,  gray  to  yellow, 
fossiliferous 

Covered 

Conglomerate;  a  very  coarse  grained  sand- 
stone, hard  and  white,  with  numerous 
shale  partings;  contains  many  pockets  of 
pebbles  up  to  2  inches  in  diameter 


Ft. 

in. 

3 

0 

2 

6 

6 

1 

0 

1 

0 

8 

3 

0 

6      0 


6 

0 

100  ± 

61 

0 

56 

0 

9 

0 

1 

0 

8 

8 

4 

2 

0 

21 

0 

123 

0 

26 

0 

4 

0 

2 

0 

3 

0 

3 

0 

9 

0 

26 

0 

111 

0 

35 

0 

53 

0 

58 

0 

3 

0 

2 

0 

8 

0 

31 

0 

39 

0 

26 

0 

78 

0 

292      0 


1,656 


Unconformity. 
Vermejo  formation: 

Sandstone,  thin  bedded,   yellow  at   top, 

covered  below 25  0 

Shale,  carbonaceous,  black 13  0 

Coal  with  2-inch  parting  of  bone 3  5 

Covered 32  0 

Coal 5  0 

Shale,  drab 4  0 

Coal 1  0 

Sandstone,  thin  l>edded,  and  gray  sandy 

shale; 48  0 

Coal 2  0 


LOCAL  FEATURES  IN   DETAIL. 


] 


Vermejo  formation — Continued.  Ft.  in. 

Shale,  sandy 3  0 

Coal 4 

Shale,  sandy 3  0 

Coal 4 

Shale,  sandy 15  0 

Coal,  thickness  not  determined. 

Sandstone,  soft,  friable,  white 22  0 

Shale,  sandy 24  0 

Coal,  with  three  partings  of  shale  and 

bone 7  0 

Shale 22  0 

Coal,  thin.  

230      1 

Trinidad  sandstone 100± 

Pierre  shale: 

Transitional  zone. 

Shale.  === 

2,189db 

The  exact  line  of  separation  between  the 
Trinidad  sandstone  and  the  Vermejo  formation 
could  not  be  determined  where  the  section  was 
measured,  but  the  maximum  possible  error  is 
only  a  few  feet.  The  details  of  the  Vermejo 
were  obtained  in  a  railway  cut  in  the  south 
wall  of  the  canyon,  in  which  an  interval  of  25 
feet  appears  between  the  highest  carbonaceous 
shale  and  the  bottom  of  the  basal  conglomerate 
ol  the  Raton  formation.  The  rocks  at  the 
base  of  this  interval  were  not  seen,  but  near 
the  top  they  consist  of  thin-bedded  sandstone, 
upon  which'the  conglomerate  rests  with  uneven 
base.  Obviously,  at  this  place  the  line  of  sepa- 
ration between  the  Vermejo  and  the  Raton 
should  be  drawn  at  the  top  of  this  sandstone. 
On  the  other  hand,  in  the  north  wall  of  the 
canyon,  the  highest  coal  has  been  opened  in  a 
mine  and  is  separated  from  the  overlying  con- 
glomerate by  only  a  few  feet  of  shale.  This 
coal  is  clearly  the  3-foot  5-inch  coal  bed  of  the 
foregoing  section,  and  the  carbonaceous  shale 
is  apparently  the  same  as  the  shale  shown 
in  the  section  above  this  coal;  but  the  25- 
foot  sandstone  found  at  the  top  of  the  Ver- 
mejo in  the  south  wall  does  not  occur  in  the 
north  wall,  where  the  conglomerate  lies  imcon- 
formably  upon  the  shale.  The  irregularity  at 
the  top  of  the  Vermejo  thus  indicated  seems  to 
harmonize  with  the  variation  in  thickness  noted 
elsewhere.  It  is  316  feet  thick  at  locaUty  130, 
and  thins  to  244  feet  at  locality  131  and  to 
about  230  feet  at  Tercio  (or  to  205  feet  if  the 
top  of  the  Vermejo  formation  is  drawn  at  the 
top  of  the  13-foot  shale  in  the  north  wall  of  the 
canyon). 


The  Vermejo  formation  at  this  loca 
yielded  a  few  poorly  preserved  fossil  leaver 
the  species  Myrica  torreyi  Lesquereux,  Phyli 
populoides  Knowlton,  and  Sequoia  obovc 
Knowlton  (U.  S.  Geol.  Survey  fossil  loca 
5804).  Some  of  them  were  found' about  n 
way  of  the  formation  in  the  south  wall  of 
canyon  and  others  were  found  on  the  vc 
dmnp  in  rock  that  came  from  the  opening 
the  highest  coal  bed  north  of  the  canyon. 

The  basal  conglomerate  of  the  Raton  fon 
tion  is  very  prominent  around  Tercio  Pj 
attaining  a  thickness  of  292  feet  at  Tercio. 
the  eastern  part  of  the  field,  about  30  m 
distant,  this  great  thickness  seems  to  be  re] 
sented  in  some  places  by  only  a  few  feel 
rock  and  in  other  places  not  at  all. 

The  section  resembles  somewhat  closely  tl: 
measured  in  other  parts  of  the  coal  field.  ' 
rocks  above  the  basal  conglomerate  consis 
fine-grained  sandstones  separated  by  si 
overlain  by  a  zone  of  poorly  exposed,  sh 
coal-bearing  rocks  above  which  there  is  a  c 
siderable  thickness  of  cUflF-making  sandst 
comparable  with  the  ''barren  -series''  of 
eastern  portions  of  the  field,  and  a  still  \n% 
zone  of  shale  and  relatively  soft  sandstoni 
which  occur  several  beds  of  coal  that  co 
spood  in  a  general  way  with  the  upper  c 
in  other  parts  of  the  Raton  Mesa  region, 
other  words,  if  the  basal  conglomerate  be 
regarded  the  character,  succession,  and  th 
ness  of  the  Raton  beds  correspond  somei^ 
closely  with  those  foimd  throughout  the  Rf 
Mesa  region. 

Fossil  plants  belonging  to  the  Raton  f 
were  found  at  the  several  horizons  indicate 
the  section  but  were  not  found  sufficiently 
preserved  to  yield  large  collections. 

Fossil  plants  collected  about  200  feet  above  the  basal 
glomerate  of  the  Raton  formation^  near  Tercio,  Coli 
[V.  S.  Oeol.  Survey  fossD  locaUty  5803.J 
Dryopteris?  cladophleboidee  Knowlton. 
Magnolia  angustifolia  Newberry. 
Magnolia  magnifolia  Knowlton. 
Oreodoxites  plicatus  Lesquereux. 

Fossil  plants  collected  about  400  feet  above  the  basal 
glomerate  of  the  Raton  formation,  near  Tercio,  Colo 

(U.  S.  Geol.  Survey  fossil  locaUty  5802. J 

Juglans  rugosa  Lesquereux. 
Platanus  areroides  latifolia  Knowlton. 
Platanus  guillelmae  Goppert. 
Platanus  guillelmae  heerii  Knowlton. 
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CORNELL.  Richardson  "*  publishes  a  section  measured 

LOCALITY  us.  near  the  Cornell  mine  and  states  that  the  inter- 

T^        m-  xT-       i.       ji.i-1        11      J-  val  between  the  top  of  the  Trinidad  sandstone 

From  Tercio  northwestward  to  Cornell,  a  dis-        j  ^i.    i.         *  ^u  i  ^    •     v     ^  ^/^/^ 

.    ,      ^  ^,      .,       ^,     .  ..  and  the  base  of  the  conglomerate  is  about  200 

tance  of  about  2i  miles,  the  formations  appear  .    ^      tt-  -l  ^  ^  xi_ 

,    ,        1  X-     1  1     •    xu-  1  J    u  f©ot.    His  measurement  seems  to  represent  the 

to  be  relatively  regular  m  thickness  and  charac-        _x-    i  j-  ^  ^  •  i     .i^ 

1    X  xi_    TT         •    •        i.      n  J     XT  vertical  distance,  as  it  is  nearly  the  same  as 

ter,  but  the  Vermeio  IS  not  well  exposed.    How-  .         _x-    i  j   .l  i,x  •     j  tT     ^i.         -x    » 

'  i-i        11  J  /J  the  vertical  distance  obtamed  by  the  wnters 

ever,  near  Cornell  a  good  exposure  was  found  ^x       i.  jxi.  x-  tt 

xivx^oo      u  x-  J  assistant,  who  measured  the  section.     How- 

at  locahty  133,  where  a  section  was  measured.  i_       xi_-         x-    i  j-  x  •  x  j 

mi_      X    X    J-     iro  xtt:^    /  x   i     XT  fi/^o  TXT  \      A  ©ver,  wheu  this  vertical  distance  is  corrected 

The  strata  dip  5°  NE.  (strike  N.  60°  W.)  and  ^     /,      ,.        j    ^   i       /  ^i.         i      ^i.     i         t 

.    ^, '^  ^  11    ^  rr»      •    T>    1       rpu  for  the  dip  and  stnke  of  the  rocks,  the  slope  of 

outcrop  m  the  steep  wall  of  Tercio  rark.     Ihe  .    ,.„       j  ^,     j.      ^.      .      i.-  i.  xl 

f  X    ^  x^         1         J  i.'  the  hill,  and  the  direction  m  which  the  measure- 

general  aspect  of  the  rocks  and  a  cross  section  ^    '  j     xi_    i_         ^  xi.  i 

i_         •    Tfci  i.    vTv   r>  /     -lA^s      mu  meuts  Were  made,  the  base  of  the  conglomerate 

areshowninPlateXIX,  5  (p.  147).     The  view  .    .       j  ^    i,     ^    x-        i.-    n  lAr^t    ^ 

,,        J  1       x    •  ux        1      X     xi.  is  found  to  be  stratigraphicaUy  nearly  400  feet 

IS   northward,  nearly  at  right  angles  to  the  ,         41^tvm^ 

•iji       I'l  it      A     1    *    iv         X*  aDove  tne  iriniciaci. 

stnke,  for  which  reason  the  strata  in  the  section        tt..  ixi-j      £        i  •      *         ^^xx,- 

'         ,  1     I.     •       x  1      rpu     T>-  Eight  beds  of  coal,  ranging  from  1  foot  to  5 

appear  to  be  nearly  horizontal.     The  rierre  ^    .   .     ^i_.  ,  -^     j  •     xi.    tt 

l\     .         „  J   •     xu     1  -X     /  feet  m  thickness,  were  foimd  m  the  Vermeio 

shale  is  well  exposed  m  the  lower  part  of  -  .  A       u     nn.  x  j 

,,      ,  J  ^i'^  riv:    J  J        J  x        •    X  formation  near  Cornell.    These  are  separated 

the  slope,  and  the  Trimdatl  sandstone  is  typi-  .   .  ,       ,  ^       ^ 

11     J      1       J      Tx    xu-  1  X-      /^  11^ to  an  upper  group  and  a  lower  group  by 

cally  developed.     Its  thickness  was  estimated  •     j         jx  -l-  i.  xi.- 

x  /^^  r    X     mi_         X      ^11  coarse-gramed  sandstones  m  which  are  thin 

at  100  feet.    The  secton  follows:  ,  t    \.  ^       rm.  j^  x    i. 

layers  of  shale.    These  sandstones  seem  to  be 

Section  of  rocks  measured  at  locality  1S3  at  Cornell,  Colo.  somewhat  local  in  occurrence  for  nothing  very 

[ForgraphicsectionseePi.  xvii,  p.  142.J  closely  resembling  them  was  foimd  at  Tercio. 

Raton  fonnation:  Ft.   In.  Th®  l^^er  coal  group  (see  PI.  XVII,  p.  142) 

Conglomerate 100±  is  probably  to  be  correlated  with  the  Vermejo 

Unconfonnity.  ===  coals  at  Tercio;  but  the  upper  group  may  not 

Vennejo  formation:  jj^  represented  at  Tercio  at  all,  the  uncon- 

Sand^ne,thm  bedded,  yellow  27     0  f^^^y^  relation  between  the  Vermejo  and 

Shale  diab.... .. . ! ! ! 5     0  R«^ton  formations  suggesting  that  it  may  have 

Sandstone,  maasive,  yellow,  foesiliferoufl 11     0  been  eroded  away  previous  to  the  deposition 

Coal •- 2     0  of  the  Raton  formation. 

^^^® ^     ^       About   100   feet   of   the  conglomerate  was 

Shal        d    drab 12     0  ^®^^^®d,  but  some  unknown  thickness  of  it 

(^      *        ....!.....! !!..     3     0  ^^  been  eroded  away  at  this  locality.     It  does 

Shale,  carbonaceous,  black 5     0  not  differ  materially  in  character  from  the  con- 
Sandstone,  coarse   grained,  soft,   friable,  glomerate  described  at  Tercio  and  other  places 

white,  with  partings  of  sandy  shale 173     0  ^jQ^g  the  western  outcrop  of  the  Raton  Mesa 

ty: region.    The  younger  beds  of  the  Raton  forma- 

Shale.   ...].'..].'..'. '.  1     0  tion  outcrop  immediately  east  o.f  this  locality. 

Sandstone 52     0  but  no  observations  were  made  on  them. 

Coal 1     6  • 

Shale,  drab 2      0  STONEWALL  ABEA. 

Sandstone,  soft,  friable,  yellowish  white 36      0  ^        ,  ...  .^      r%.  » 

qq^  5     0        For  the  purposes  of  this  paper  the  Stonewall 

Shale,  drab 37     0  area  includes  the  locahties  described  between 

Coal 1     0  Tercio  Park  and  Spanish  Peaks.    The  name  is 

Shale,  carbonaceous,  black 7     0  derived  from  the  ridge  formed  by  the  Dakota 

398     6  sandstone,  which  is  upturned  to  a  nearly  ver- 

Trinidad,  sandstone ioo±  tical  position  and  which,  together  witli  the 

Pierre  shale:  imderlying  sandstone  of  Comanche  age  (Pur- 

TVansitional  zone.  ^^^  g^^j^.^  formation),   forms   a  walWike  crest. 

598  ±  (See  PI.  XX.)     East  of  this  ridge  throughout 
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THE    STONEWALL    ON    PURGATOIRE    RIVER      LOOKING    SOUTH. 

The  valley  to  the  riehl  of  the  ridge  is  eroded  in  the  soft  shale  of  the  Morrison  formation  and  that  to 
the  left  in  the  soft  marine  Cretaceous  shale.  The  hills  in  the  distance  rnark  the  western  n^argin 
of  the  coal  measures. 


LOCAL  FEATURES  IN  DETAIL. 


the  area  a  broad  structural  valley  has  been 
worn  in  the  soft  Cretaceous  shales,  east  of 
which  the  basal  conglomerate  of  the  Raton 
formation  rises  in  a  prominent  hogback. 

XORTH  OF  CORNBIjIj. 

LOCALITY  1S4. 

Three  miles  north  of  Cornell,  at  locaUty  134, 
an  attempt  was  made  to  measure  the  thickness 
of  the  Vermejo  formation.  The  rocks  near  the 
base  are  not  well  exposed,  but  a  coal  bed,  sup- 
posed to  be  the  lowest  in  this  formation,  was 
found.  Above  this  bed  the  rocks  are  poorly  ex- 
posed and  the  base  of  the  conglomerate  could  not 
be  definitely  located.  However,  the  top  of  this 
conglomerate  was  plainly  discernible  beneath 
a  considerable  thickness  of  the  yellowish  sand- 
stone characteristic  of  the  Raton  formation, 
and  it  seemed  desirable  to  fix  its  position  by 
measuring  the  section. 

Section  of  rocks  measured  at  locality  ISt^  in  hogback^  ahovU,  2 
miles  south  of  SUmewall,  Colo, 

[For  graphic  section  see  PI.  XVII,  p.  142.] 

Ft.      in. 
Sandstone,  gray  to  yellow,  thin  bedded,  foesil- 

if eroufl .* 87  0 

Oonglomerate  at  top,  covered  below;  largest 

pebbles  3  inches  in  diameter 715  0 

Sandrtone,  Mable 8  0 

Coal 3  0 

Bhale,  sandy 2 

Coal,  base  not  exposed 1+ 

814      2-f 
STONBWAIJa  OAP. 

UQOhJJm  135. 

At  locality  135,  about  2  miles  north  of  locality 
134,  the  Middle  Fork  of  Purgatoire  River  has 
-eroded  a  passage  known  as  Stonewall  Gap 
through  the  hogback  formed  by  the  basal  con- 
glomerate of  the  Raton  formation.  The  Trini- 
dad sandstone  was  recognized  in  this  gap,  but 
it  is  iiot  well  exposed.  The  Vermejo  formation 
is  so  badly  obscured  with  brush  and  rock  debris 
that  no  attempt  was  made  to  examine  it  in  detail, 
though  its  upper  and  lower  limits  were  found 
and  its  thickness  determined  as  about  318  feet. 
The  basal  conglomerate  of  the  Raton  formation 
makes  a  prominent  ridge.  The  conglomerate 
is  very  coarse  and  massive  near  the  base  but 
contains  shaly  sandstone  at  several  horizons. 
It  does  not  differ  materially  in  character  from 
the  conglomerate  as  described  from  other  locaU- 
ties  along  the  western  margin  of  the  coal  fields. 
The  section  is  as  follows : 


Section  of  rocks  measured  at  locality  136y  on  Middle 
Purgatoire  River  at  Stonewall ^  Colo. 

[For  graphic  section  see  PI.  XVII,  p.  142.] 

Raton  formation: 

Conglomerate,  with  beds  of  shaly  thin-bedde 
fossUiferons  sandstone;  pebbles  up  to  2  inch( 

in  diameter 

Unconformity. 
Vermejo  formation : 

Covered,  coal  near  base 

Trinidad  sandstone 

• 

A  few  fossil  plants  were  collected  fro 
upper  part  of  the  Katon  formation  ei 
Stonewall  (U.  S.  Geol.  Survey  fossil  loc 
5106  and  5114).  Richardson's  party 
Magnolia  nuignifolia  Knowlton,  Ma^nci 
leyana  Lesquereux,  and  Sabalf  ungeri  (L 
reux)  Ejiowlton. 

Farther  east,  in  Wet  Canyon,  about  4 
north  of  Weston,  the  present  writer  co] 
the  following  species  near  the  top  of  the 
formation  at  two  horizons,  50  and  100  f< 
spectively  below  a  conglomeratic  sandston 
seems  to  be  the  base  of  the  Poison  Canyc 
mation.  However,  fossil  plants  abov< 
conglomerate  could  not  be  distinguished 
field  from  those  below.    They  are  as  folk 

Fossil  plants  collected  near  the  top  of  the  Raton  fo 
about  4  miles  north  of  Weston,  Colo. 

(U.  S.  OeoL  Survey  fossillocalities  5709  and  5825.] 

Artocarpus  similis  Knowlton. 

Juglans  nigella  Heer. 

Juglans  rugosa  Lesquereux. 

Laurus  utahensis  Lesquereux. 

Magnolia  angustifolia  Newberry. 

Magnolia  lesleyana  Lesquereux. 

Magnolia  magnifolia  Knowlton. 

Magnolia  regalis?  Heer. 

Nectandra  lancifolia  (Lesquereux)  Berry. 

Rhamnus  clebumi  Lesquereux. 

NORTH  FORK  OP  PXJRaATOIRB  RFV] 

LOCAUTT  136. 

From  Stonewall  Gap  northward  to 
Fork  of  Purgatoire  River  the  formation 
seen  at  their  outcrop  only  from  a  dij 
However,    they  appear  to    continue  \^ 
notable  variation.    At  locaUty  136,  aboi 
a  mile  north  of  North  Fork,  a  section 
rocks   including  the  Trinidad  sandston 
Vermejo  formation,    and  some  of  the 
formation  was  measured  as  follows.     Co 
found  near  the  base  and  doubtless  occ 
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Other  beds,  but  poor  exposures  prevented  them  ;  most  of  which  belong  to  the  Raton  flora,  from 
from  being  definitely  located.  '  slide  rock  about  2  miles  south  of  Dean  {U.  S. 

B^ion  0/  reel,  m^^ured  a,  locality  IS6  on  Nor&  Fork  of     5^«*-  ^^^^  ^^'^  ^"'^^^'y   ^  ^  ^^ ) .      They    are 

PurgaioiTi  River,  about  5  miUi  norih  of  RumewiU,  Colo.      Chnwimomum     misaissippuTisisf    Lesquereux, 

^,       ,        „.  „ FicTW    praetrinervia    Knowlton,   Palmocarpon 

-  •     ,       ,.  vaimamm  Lesquereux,  and  Rrutmnus  clebumv 

Raton  formatioD:  Ft.  in.  '^                           ^,.,,    ,    '                  „    ,         ,       ,  „ 

Sandstone,  whit«,coaree  grained 50  0  Lesquereux.     StUl   farther  north  for  about  7 

Sandstone,  yellow,  thin  bedded 88  0  miles  west  of  Spanish  Peaks  the  Vermejo  and 

Conglomerate 55  0  associated    formations   were    not   seen.    The 

Sandstone,  gray,  ahaly,  foflBiliteroiiB 12  0  sedimentary  formations  have  doubtless  been 

ngomera    ........... ^.... disturbed  hv  intrusions  of  igneous  rock  and  the 

Sandstone,  yellowish,  finegrained 27  0                     .-                                 ii,i.»            1 

Conglomerato,  pebblea  up  to  2  inches  in  di-  surface  is  covered  W^th  rock  dfibns  from  the 

tmeter 165  0  Spanish  Peaks  and  is  more  or  less  forested. 
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Unconformity.  =^=^= 

Vermejo  fonnatdon:  gbnebal  featukbs. 

Covered 52  0        The   sedimentary   rocks   north    of   Spanish 

Sandstone  yellow  to  gray,  maamvetoesilifer-  p     j^  ^^^  western  outcrop  of  the   COal 

0U8,  with  partings  of  Bhaiy  sandstone 36  0    ,     .  .     .        ,  ,  ,  ,    ..       1 

Covered  62  0    '>™^  *•*  isolated  from  those  of  aU  other  parts 

Sandstone,  yellow,  shaly,  concretionary 5  0     of  the  field.     Except  at  the  northern  end  of 

Shale  and  sandstone,    not   continuously   ex- 
posed, coal  near  the  top,  fossiliCerous 130  0 

Shalo  and  thin-bedded  yellow  sandstone 43  0 

Shale,  black  to  brownish  red 6  0 

Coal 8 

Shale 8 

(bal 7  0 

Shale,  drab 4  0 

S45      4 
Trinidad  sandstone,  conlainii^  Balymenittt  ma- 
jor Lesquereux 60      0 

Pierre  shale: 

Transitional  zone. 

Shale.  


No  fossil  plants  were  collected  from  the 
Vermejo  at  this  locality,  although  their  pres- 
ence was  noted  at  several  horizons.  But 
Fieiis  leei  Knowlton  and  Sahal  montana  Knowl- 
ton were  foun<l  in  the  roof  of  an  old  prospect 
entry  (U.  S.  Geol.  Survey  fossil  locality  5800) 
in  a  coal  bed  about  the  middle  of  the  Vermejo 
formation,  south  of  North  Fork.  Good  speci- 
mens of  Magnolia  magnifolia  Knowlton  were 
found  in  ahde  rock  (U.  S.  Geol.  Survey  fossil 
locality  5801)  that  evidently  came  from  the 
Raton  formation  north  of  the  river. 

The  Vermejo  formation  and  the  basal  con- 
glomerate of  the  Ilaton  were  observed  for  a 
considerable  distance  along  the  outcrop  north  of 
North  Fork,  but  no  further  details  were 
obtained  by  the  writer  south  of  Spanish  Peaks, 
However,  Richardson""  shows  that  the  coal  beds 
'  are  traceable  for  abuut  7  miles  north  of  locahty 
136.    His  party  collected  several  fossil  plants, 
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the  district,  where  a  minor  fold  is  developed, 
they  are  upturned  here  as  they  are  south  of 
Spanish  Peaks,  and  in  general  they  dip  north- 
east. Apparently  the  coals  were  once  con- 
tinuous with  those  just  described  farther 
south,  but  their  continuity  was  broken  by  the 
igneous  intrusions  of  the  Spanish  Peaks. 
Also  there  is  no  reason  to  doubt  that  the  coals' 
are  the  same  as  those  mined  in  the  vicinity  of 
Walsenburg  and  that  they  extend  eas^ard 
xmder  cover  of  the  younger  rocks  and  reappear 
at  the  eastern  margin  of  the  Trinidad  field. 
The  Pierre  shale  and  the  Trinidad  sandstono 


LOCAL  FEATURES  IN   DETAIL. 


occur  in  this  district  in  characteristic  develop- 
ment, and  although  there  is  little  doubt  that 
the  coal  beds  belong  to  the  Vermejo  forma- 
tion, some  doubt  exists  as  to  the  relation 
of  these  rocks  to  those  overlying  them.  It  is 
difficult  in  some  places  to  distinguish  between 
the  Vermejo  and  the  Raton  where  the  two 
formations  occur  together,  and  possibly  both 
will  yet  be  found  in  this  district,  though  no 
convincing  evidence  of  the  presence  of  the 
Raton  has  been  obtained.  The  Poison  Canyon 
formation  seems  to  rest  imconformably  on  the 
Vermejo.     (See  fig.  9.) 

CrrCHARA  RrVER. 

LOCALITY  137. 

On  South  Fork  of  Cuchara  River  (locality 
137),  about  7  miles  southwest  of  La  Veta,  at  the 
point  where  the  outcrop  of  the  the  coal  beds 
crosses  the  river,  the  sedimentary  rocks  dip 
43*^  E.  The  Trinidad  sandstone  was  recog' 
nized  and  its  thickness  estimated  to  be  about 
100  feet.  Two  beds  of  coal  observed  above 
this  sandstone  obviously  belong  in  the  Vermejo 
formation,  but  their  stratigraphic  positions 
within  this  formation  could  not  be  definitely 
determined,  though  they  are  beUeved  to  be  the 
same  as  the  coals  farther  north  that  occur 
about  30  feet  and  80  feet,  respectively,  above 
the  Trinidad. 

Conglomeratic  sandstone  occurs  a  few  feet 
stratigraphically  above  the  higher  coal,  but  it 
does  not  resemble  the  basal  conglomerate  of  the 
Raton  formation  as  developed  to  the  south 
beyond  Spanish  Peaks  or  to  the  east  near 
Walsenburg.  It  is  hthologicaUy  similar  to  the 
typical  beds  of  the  Poison  Canyon  formation 
near  La  Veta  and  seems  to  be  their  westward 
extension. 

LOCALITY  188. 

An  unsuccessful  attempt  was  made  to 
measure  a  section  of  the  rocks  exposed  on 
Middle  Fork  of  Cuchara  River,  about  4  miles 
north  of  locaUty  137.  The  Trinidad  sandstone 
was  recognized,  and  two  coal  beds  (probably 
the  same  as  those  noted  on  the  South  Fork) 
were  foimd,  but  the  rocks  in  which  they  occur 
are  not  well  exposed  and  could  not  be  completely 
measured. 

In  the  rock  above  the  upper  coal  bed  (U.  S. 
Geol.  Survey  fossil  locaUty  5675)  a  few  fossil 


plants  of  Ficus  praetrinervis  Knowlton 
found.  The  base  of  the  conglomeratic 
stone  described  on  the  Cuchara  farther 
lies  about  15  feet  stratigraphically 
this  coal  bed  and  seems  to  be  traceabl 
tinuously  eastward  to  the  xmdoubted  1 
Canvon  beds  in  the  vicinity  of  La  Vetj 

LOCALITY  139. 

The  next  point  toward  the  north  at 
the  rocks  were  examined  in  detail  is  c 
North  Fork  of  the  Cuchara,  about  4  miles 
of  locaUty  138  and  6  miles  northwest  of  La 
The  rocks  have  been  folded,  and  a  small 
of  the  coal  measures  has  been  preservec 
erosion  in  an  unsymmetrical  syncline 
west  of  the  main  mass  of  the  formation, 
coal  .beds  described  on  South  and  Middle 
of  the  Cuchara  were  traced  northward  to 
Fork,  and  about  a  mile  south  of  the  riv 
of  these  beds  (but  which  one  was  not 
mined)  contains  4  feet  8  inches  of  coal 
rated  into  two  benches  by  a  shale  parti 
but  north  of  the  North  Fork  of  the  Cu 
very  Uttle  coal  has  been  found  at  the  w 
outcrop  of  the  main  body  of  the  coal  met 
although  careful  search  has  been  made 
by  the  mining  company  operating  in  tl 
trict.  Sevferal  old  prospect  openings  we 
amined,  but  in  only  one,  just  north  of  th< 
at  locality  139,  was  coal  foimd.  In  this  < 
entry  has  been  driven  about  50  feet  on  tl 
bed,  which  varies  in  thickness  from  an  w 
less  to  about  1  foot.  A  coarse-grained, 
conglomeratic  sandstone  rests  with  uneve 
upon  the  coal.  About  300  feet  of  thi; 
glomerate  is  exposed  in  the  hiUside  immec 
above  the  coal  bed,  and  in  the  walls  of 
Fork  of  Cuchara  River  an  enormous  thi 
of  it  is  visible.  This  same  conglomeratic 
stone  obviously  continues  iminterruptedl; 
ward  to  La  Veta  and  is  a  part  of  the  . 
Canyon  formation.  Apparently,  then,  i 
prospect  entry  the  Poison  Canyon  fori 
may  be  seen  resting  on  the  Vermejo.  Tl 
bed  is  the  lowest  one  found  in  the  coal-b 
rocks  and  is  supposed  to  be  the  coal  1 
worked  in  Oakdale  mine,  about  a  mile 
northwest.  The  typical  Pierre  shale  ocm 
this  locality,  and  also  the  Trinidad  san 
with  its  characteristic  Halymenites  majo 
quoreux. 
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I^CAUTT  lU. 

At  the  Oakd&le  mine,  about  a  mile  north- 
west of  locabty  139,  coal  is  mined  from  a  bed 
which,  according  to  the  mine  superintendent, 
is  10  to  14  feet  thick.  The  base  of  the  coal 
measures  is  not  exposed  near  the  mouth  of  the 
mine,  and  certain  faults  known  to  exist  near 
this  locality  render  doubtful  the  tracing  of  the 
coal  bed  to  a  locality  where  its  horizon  can  be 
determined.  Richardson  "*  states  that  the 
bed  is  about  30  feet  above  the  top  of  the  Trini- 
dad sandstone.  A  higher  coal  bed  overlain  by 
conglomerate  was  penetrated  in  a  diamond- 
driD  hole  about  one-fourth  mile  northwest  of  the 
mouth  of  the  mine.     The  drill  record  was  not 


I.OCAUTT  UL 

South  and  west  of  the  Oakdale  mine  the  coal 
beds  were  observed  at  the  outcrop  at  short  in- 
tervals around  the  southern  extremity  of  the 
isolated  body  of  coai-boaring  rocks  to  the  Occi- 
dental mine  (locality  141),  where  the  beds  are 
practically  vertical.  (See  fig.  10.)  The  Pierre 
shale  is  exposed  to  the  west  and  the  Trinidad 
sandstone  with  its  characteristic  Halymenites 
forms  a  ridge  that  runs  parallel  with  the  out^ 
crop  of  the  coal.  East  of  this  ridge  the  coal- 
bearing  rocks  and  the  overlying  conglomerate 
found  at  the  last  two  locaUties  and  described 
as  probably  belonging  to  the  Poison  Canyon 
are   well   exposed.     At    this    mine    a    tunnel, 


FiouBB  10.— Sketch  sactlon  showing  Uui  unronloriiuibla  ra 
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seen  by  the  writer,  but  the  man  who  superin- 
tended the  work  furnished  the  following  section 
from  memory: 

Record  of  a  drill  protpeet  ■Mat  Oakdale  mine. 

fbm. 

Conglomerate 5+ 

Coal,  coked 5 

SandeloQe,  white,  granular,  ahaly  in  some  places. . .    50 
Coal  (the  bed  worked  in  Oakdale  mine) .... 


10+ 

The  lower  bed  of  coal  is  supposed  to  be  the 
same  as  the  thin  bed  described  at  locaUty  139, 
on  which  the  conglomeratic  sandstone  (obvi- 
ously the  same  as  the  conglomerate  of  the  drill 
record)  rests  unconforraably.  If  this  correla- 
tion is  correct,  the  upper  coal  and  the  sand- 
atone  between  it  and  the  lower  coal  was  eroded 
away  at  locality  139  previous  to  the  deposition 
of  the  conglomerate.     (See  fig.  9.) 

A  few  fossil  leaves  belonging  to  the  Vermejo 
flora  were  found  at  this  locality  between  the 
two  beds  of  coal. 

Fotfil  planU  eollceUd  at  OaMale,  Coin. 

\V.  S.  Oeol.  Survoy  toeli  localitj"  MTZJ 

Fious  wardii  KnowlKin. 
Sequoia  obovata  KnowltoD. 
Sequoia  reichenbachi  (Geinitz)  Hcer. 
Woodwanlia  creuata  Koowlton. 


started  west  of  the  ridge  formed  by  the  Trini- 
dad sandstone,  was  driven  eastward  through 
this  sandstone  and  into  the  coal-bearing  rocks, 
penetrating  two  beds  of  coal.  The  coal-bear- 
ing rocks  penetrated  by  this  tunnel  were  meas- 
ured by  D.  E.  Winchester.'  The  thickness  of 
the  Trinidad  sandstone  was  estimated  by  the 
writer,  who  also  found  the  conglomerate  to  be 
20  feet  above  the  3-foot  bed  of  coal  about  one- 
fourth  mile  south  of  the  mine.  These  facts  are 
embodied  in  the  following  section: 

Section  of  nxk>  measured  at  locality  HI,  Oecidailal  mint, 
,noTthwesl  of  La  Veto,  Colo. 

Poiaon  Canyon  (?)  formation: 

Conglomerate. 
Unconformity. 

Vermejo  formation:  rt.  In. 

Sandstone  and  ahale 20      0 

Coal 3     0 

Sandstone,  ehaly 15  ■    0 

Coal 6 

Sandstone,  shaly 30      0 

C<al 8     0 

Sandstone,  ahaly 30     0 

Coal 6 
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Trinidad  sandstone: 

Sandstone  containing  Halymenites  major  Feet. 

Lesquereux 100+ 

Pierre  shale.  


207+ 


The  conglomerate  is  upturned  to  practi- 
cally the  same  degree  as  the  underlying 
beds,  but  at  this  locality  it  is  20  feet  above 
the  coal  bed  (apparently  the  coal  bed  on 
which  it  rests  at  Oakdale,  less  than  a  mile 
to  the  northeast).  This  fact  considered  in 
connection  with  the  obviously  imconformable 
relations  described  from  locality  139  indi- 
cates that  there  is  a  slight  angularity  between 
the  planes  of  bedding  of  the  Vermejo  and  ^^ 
Poison  Canyon  formations,  but  that  there  is  no 
conspicuous  overlap  of  the  Poison  Canyon 
beds  upon  the  older  rocks  at  these  localities 

47019'— 17 n 


such  as  might  be  expected,  and  that 
no  known  reason  for  suspecting  that  th 
beds,  which  do  not  appear  at  the  < 
would  be  found  imder  the  Poison 
formation  very  close  to  the  western 
of  the  La  Veta  district.  However,  1 
mation,  which  is  nearly  800  feet  thi 
Walsenburg,  about  12  miles  to  the  eai 
extend  westward  for  a  considerable  < 
under  the  Poison  Canyon. 

A  few  rather  poorly  preservetf  f ossi] 
Myrica  torreyi  Lesquereux  and  Span 
sp.,  were  collected  near  the  Occidenti 
Some  were  found  in  the  shale  overlj 
highest  bed  of  coal  and  others  in  re 
came  from  the  mine  (U.  S.  Geol. 
fossil  localities  5673  and  5674). 


Chapter  4.— CORRELATION  OF  FORMATIONS  WITH  THOSE  OF  OTHER  REGIONS. 


CANOK  CITY  FIELD. 
PREVIOUS  INVESTIGATION'S. 

The  Canon  City  coal  field  lies  at  the  eastern 
base  of  the  Rocky  Mountains  in  south-cen- 
tral Colorado, -about  40  miles  from  the  Trinidad 
field.  (See  PI.  XXI.)  The  Canon  City  field  is 
about  12  miles  long  and  6  miles  wide,  and  the 
coal  measures  owe  their  preservation  partly 
to  the  fact  that  they  occupy  the  trough  of  a 
syncline.  They  are  underlain  by  Pierre  shale 
and  by  a  massive  sandstone  which  corresponds 
in  stratigraphic  position,  lithologic  character, 
and  contained  fossils  to  the  Trinidad  sandstone 
of  the  Raton  Mesa  region. 

The  occurrence  of  coal  in  this  field  was  knowji 
as  early  as  1820,  when  the  field  was  visited  by 
Maj.  Long's  party,'  members  of  which  de- 
scribed the  sandstone  of  the  coal  measures 
and  stated  that  coal  is  geperally  found  along 
the  mountain  front  wherever  the  '^gray  sand- 
stone^' is  met  with.  In  1865  Owen  and  Cox^' 
referred  to  the  coal.  In  1869,  Hayden,  aft«r 
examining  the  coal  beds,"  referred  them  to 
the  Tertiary.  R.  Neilson  Clark  ^  followed 
in  1873  with  a  description  of  *  ^  the  Tertiary  coal 
beds  of  Canon  City.''  About  the  same  time 
Lesquereux,'*  after  examining  some  of  the  fossil 
plants  from  these  coal  beds,  referred  them  to 
the  Eocene. 

In  1874  Cope,  who  had  come  to  regard  some 
of  the  western  coals  as  Cretaceous,  reviewed 
the  evidence  of  age  of  the  Canon  City  coal 
beds**  and  attributed  to  Hayden  the  opinion 
that  they  are  younger  than  the  Cerrillos  coal 
beds  of  central  New  Mexico,  but  that  both  are 
of  Tertiary  age.  During  the  same  year 
Stevenson  ^^  announced  that  the  coal  meas- 
ures of  the  Canon  City  field  contain  marine 
fossils  of  Cretaceous  ^lge,  and  the  following 
year  he  published  a  fuller  description  of  the 
field.^« 

In  1876  Hayden*"  reviewed  the  evidence  of 
age  of  the  Lignitic  group,  in  which  he  in- 
cluded the  Canon  City  coal  beds,  and  argued 
that  the  group  should  be  regarded  as  a  transi- 
tion from  Cretaceous  to  Tertiary.  A  year  later 
162 


Endlich  "  followed  Hayden  in  an  argimient  that 
the  coal  beds  at  Canon  City  and  others,  then 
regarded  as  equivalent  in  age,  should  be  re- 
garded as  neither  Cretaceous  nor  Tertiary,  but 
as  an  intermediate  transitional  group.     In  1878 
Lesquereux  **  included  the  Canon  City  field  in 
an  outline  of  the  geology  of  localities  where  fos- 
sil plants  had  been  found,  described  the  fossils, 
and  reviewed  the  evidence  of  the  age  of  the 
beds  in  an  effort  to  support  his  contention  that 
the  coal  measures  were  of  Tertiary  age.     His 
effort  was  not  successful,  for  Stevenson  *•  later 
referred  to  the  Laramie  the  coal  beds  of  the 
Raton  Mesa  region  and  correlated  them  with 
those  of  the  Canon  City  field  on  the  one  hand 
and  those  of  the  Cerrillos  field  on  the  other.   The 
reference  of  these  beds  to  the  Laramie  (which 
was  gradually  becoming  recognized  as  a  Cre- 
taceous formation)  was  not  openly  challenged 
(though  Lesquereux  and  a  few  others  never  ac- 
knowledged them  to  be  Cretaceous),  nor  was 
any  serious  objection  to  calling  them  Laramie 
raised  for  about  30  years.    However,  during 
most  of  this  period  a  large  collection  of  fossil 
plants,  known  as  the  Hadden  coDection,  many 
of  which  are  of  species  only  recently  described, 
had  lain  almost  unnoticed  in  the  National  Mu- 
seum, as  well  as  another  collection,  made  by 
Hadden  for  Newberry,  in  the  museum  of  Colum- 
bia L'^niversity ;  but  although  these  fossils  came 
from  rocks  supposed  to  be  of  Laramie  age,  they 
seemed  not  to  belong  to  what  had  come  to  be 
known  as  the  Laramie  flora.     The  locaUties 
where  they  were  found  were  in  doubt,  and  fur- 
thermore the  name  Laramie  seems  to  have  be- 
come so  firmly  attached  to  the  coal  measures 
that  little  attention  was  given  to  the  collec- 
tions.    In  1909  C.  W.  Washbume  '^'  examined 
the  coal  beds  of  the  Canon  City  field  and  fol- 
lowed the  long-established  custom  of  referring 
them  to  the  Laramie.     Through  Washbume's 
efforts  it  was  ascertained  that  the  Hadden  col- 
lection came  from  near  Coal  (!)reek;  and  as  the 
mines,  at  Coal  Creek,  of  which  Mr.  Hadden  was 
superintendent,  are  in  the  lower  part  of  the  for- 
mation, it  was  naturally  assiuned  that  the  fossil 
plants,  which  are  of  Montana  age  and  are  in- 
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eluded  in  the  Vermejo  flora  in  the  present  paper, 
came  from  the  lower  part ;  but  when  the  present 
writer  visited  this  field,  in  the  summer  of  1910, 
and  collected  the  data  presented  in  this  paper, 
he  foimd,  by  comparison  of  the  materials  col- 
lected at  several  horizons  with  that  of  the  Had- 
den  CvoUection  and  by  the  testimony  of  men  at 
Coal  Creek  who  had  worked  with  Mr.  Hadden, 
that  the  horizon  of  many,  if  not  all,  the  plants 
in  the  National  Museum  collected  by  him  and 
also  those  collected  for  Prof.  Newberry  came 
from  the  upper  part  of  the  formation,  about 
halfway  between  the  Rockvale  sandstone  and 
the  *^  rim  rock.^'  The  fossils  of  these  coDections 
have  been  studied  and  are  described  in  the  ac- 
companying paper  by  Knowlton  (pp.  223-349). 
As  the  details  on  which  depends  the  correla- 
tion of  the  formations  in  the  Canon  City  field 
with  those  of  the  Raton  Mesa  region  are  not 
voluminous,  they  are  here  placed  in  their  nor- 
mal position  preceding  the  discussion  of  gen- 
eral relations.  For  convenience  of  description 
formation  names  explained  later  will  be  used. 

IjOCALi  FEATUREH  in  DBTAILi. 

RADIANT. 

The  rocks  are  not  well  exposed  in  the  south- 
em  part  of  the  Canon  City  field  and  no  satis- 
factory sections  of  them  were  measured.  On 
Newland  Creek  the  Trinidad  sandstone  contains 
great  numbers  of  HoUymenUes  major  Lesquereux 
and  some  smaller  forms  about  one-fourth  inch 
in  diameter.  Petrified  wood,  described  as 
Oapressinaxylon  coloradense  Kjiowlton,  was 
foimd  near  the  Brilliant  mine  a  few  feet  above 
the  Trinidad  sandstone  (U.  S.  Geol.  Survey  fos- 
sil locality  5784). 

Near  the  town  of  Radiant  the  rocks  are  better 
exposed  than  they  are  farther  south .  One-fourth 
mile  southwest  of  the  Radiant  mine  Seqaoia 
reichenbdcM  (Geinitz)  Hoer  was  found  a  few 
feet  below  the  Rockvale  sandstone  (U.  S.  Geol. 
Survey  fossil  locality  5785).  There  are  some 
indications  that  the  coal  measures  below  this 
sandstone  may  be  thicker  in  the  southern  part 
of  the  field  than  in  the  northern  part.  Wash- 
bume  ^  states  that  the  Radiant  mine  is  on  a 
bed  200  to  250  feet  above  the  base  of  the  coal- 
bearing  formation,  and  yet,  according  to  his 
map,  this  bed  of  coal  is  not  the  highest  in  the 
lower  coal  group.  If  ho  is  correct,  the  lower 
group  is  thicker  here  than  it  is  at  Bluff  Springs 


and  at  Coal  Creek  but  is  about  the  same  th 
ness  as  at  Rockvale. 

BLUFF  SPRINaS. 

A  short  section  was  measured  by  Wj 
bume"*  at  the  Bluff  Springs  mine,  abou 
miles  southwest  of  Florence,  Colo.  The  lo 
80  feet  of  the  section  (see  PL  XXII)  was  na 
ured  in  an  air  shaft  of  the  mine  and  the  rem; 
der  at  the  outcrop.  The  lowest  coal  bed  of 
section,  according  to  Washbume,  is  the  Re 
vale,  or  lowest  coal  in  the  field.  However 
shows  by  his  section  that  the  top  of  the  Re 
vale  sandstone  is  about  226  feet  above  this  i 
bed,  whereas  at  the  Rockvale  mine,  less  the 
miles  north  of  Bluff  Springs,  the  top  of 
sandstone  is  323  feet  above  this  coal,^^®  anc 
the  Fremont  mine,  2  J  miles  north  of  B 
Springs,  the  shaft  between  the  outcrop  of 
sandstone  and  the  first  coal  bed  above  it  reac 
the  Rockvale  coal  bed,  according  to  Wt 
bume,"'  at  a  depth  of  402  feet.  From  tl 
facts  it  seems  probable  either  that  the  B 
Springs  section  does  not  include  the  Rock\ 
coal  bed  or  that  the  sandstone  at  the  top  of 
section  is  at  soine  horizon  below  the  Rocks 
sandstone. 

COAL  CKEEK. 

There  is  a  good  exposure  of  a  part  of  thjo  lo 
group  of  coal-bearing  rocks  in  the  gulch  a 
hundred  feet  south  of  Coal  Creek  mine  No 
The  Rockvale  coal  bed,  in  which  the  Coal  Cr 
mine  is  developed,  is  exposed  in  the  botton 
the  gulch,  and  above  it  lies  a  Halymenites-hi 
ing  sandstone  which  seems  to  be  the  Rockv 
The  relations  are  shown  in  the  section  bel 

Section  of  the  lower  part  of  the  Vemiejo  formation  measun 
the  ffulch  BotUh  of  Coal  Creek  mine  No.  2. 

[For  graphic  section  soe  PI.  XXn.] 

Sandstone,  hard,  yellow  (Rockvale  (?)  sand- 
stone). 

Sandstone,  more  or  less  nodular  and  softer  than  Ft. 

the  sandstone  above,  yellow 20 

Shale 1 

Coal 1 

Shale,  sandy,  yellow 12 

Sandstone,  soft,  friable,  white 10 

Shale,  with  thin  irregular  layers  of  sandstone 6 

Coal 3 

Shale,  sandy 18 

Coal 2 

Shale,  dark,  containing  gypsum  and  alkali 20 

Coal 2 
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Ft.  in. 

Shale,  containing  crystals  of  gypsum 35      0 

Sandstone,  soft,  massive,  white 15i: 

Coal  (Rockvale  bed) 4      0 

150  ± 

Fossil  plants  are  abundant  near  Coal  Creek 
in  the  lower  part  of  the  Vermejo  formation. 
The  following  collection  was  made  from  the 
rock  dump  of  the  mine  and  another  from  rocks 
exposed  at  the  surface: 

Fossil  plants  from  the  rock  waste  of  Coal  Creek  mine  No.  2. 
[U.  S.  OeoL  Survey  fossil  locality  5791.] 

Anemia  supercretacea  Hollick. 
Amelanchier  obovata  Knowlton. 
Asplenum  coloradense?  Knowlton. 
Cannasp. 

Ficus  leei  Knowlton. 
Myrica  torreyi  Lesquereux. 
Osmunda  hoUicki  Knowlton. 
Sabal  montana  Knowlton. 

Fossil  plants  collected  at  the  base  of  the  Vermejo  formation, 
about  half  a  mile  north  of  Coal  Creek,  Colo. 

[U.  8.  OeoL  Survey  fossil  locality  5790.] 

Cupreeainoxylon?  vermejoensis  Knowlton. 

Ficus  curta  Knowlton. 

Ficus  praetrinervis  Knowlton. 

Ficus  speciosissima  Knowlton. 

Ficus  regular  is  Knowlton. 

Ficus  sp. 

Phaseolites  leei  Knowlton. 

Pteris  erosa  Lesquereux. 

Viburnum?  hesperium  Knowlton. 

Viburnum  problematicum  Knowlton. 

BOCKVALE. 

Another  short  section  of  the  rocks  some- 
what younger  than  those  just  described  at 
Coal  Creek  was  measured  in  a  steep  bluflf  about 
a  mile  south  of  Rockvale.  In  this  bluff  oc- 
cm^  a  layer  of  fine-grained  sandstone  varying 
in  color  from  pink  to  light  yellow  and  ashen 
gray,  from  which  a  large  number  of  fossil 
plants  have  been  collected  both  here  and  in 
Rockvale  Canyon.  From  this  sandstone  Had- 
den  collected  many  fossil  plants  (p.  163).  Mr. 
Hadden  was  formerly  superintendent  of  the 
Coal  Creek  and  Rockvale  mines,  and  men  now 
living  at  these  places  who  knew  him  person- 
ally state  that  he  frequently  went  to  the  hill- 
sides where  this  layer  of  yellowish-pink  sand- 
stone is  exposed  to  collect  fossils.  By  means 
of  this  sandstone  the  section  is  correlated  with 
those  measured  at  Rockvale  and  Williams- 
burg.   The  section  follows: 


Section  of  rocks  measured  near  the  top  of  Vermijo  formation^ 
about  a  mile  south  of  Rockvale,  Colo. 


[For  graphic  section  see  Fl.  XXII.] 

Sandstone,  with  partings  of  sandy  shale 

Sandstone,  massive 

Shale 

Sandstone,  shaly 

Shale,  sandy,  drab 

Sandstone,  massive,  containing  fossil  palm  leaves 
Ficus  praetrinervis  Knowlton  sjaA  Sabal  montana 
Knowlton  (U.  S.  Geol.  Survey  fossil  locality 
5789). 

Sandstone,  shaly 

Shale,  reddish 

Sandstone,  shaly 

Shale,  sandy 

Shale,  pink  and  somewhat  sandy,  interbedded  with 
lenses  of  yellow  shale,  coal  bearing 

Sandstone,  shaly,  containing  shaly  layers  at  top 
(U.  S.  Geol.  Survey  fossil  locality  5788);  with  the 
following  fossil  plants:  Sabal  montana  Knowlton, 
Salix  plicata  Knowlton,  Ficus  praetrinervis 
Knowlton,  and  Viburnum  montanum  Knowlton. . 

Shale,  red  and  ashy 

Sandstone,  massive,  white 

Shale,  drab 

Sandstone,  concretionary  in  some  places,  yellow. . . 

Shale,  brown,  with  thin  beds  of  coal 

Sandstone,  massive  soft,  white 

Shale. 


Feet. 
25 
18 
15 
3 
14 


8 
10 

6 
12 

6 


22 
6 
6 

18 
4 
3 

15 


195 

Washbnme*^  has  published  a  section  meas- 
ured north  of  Rockvale  (see  PI.  XXII)  that 
is  correlated  with  the  Williamsburg  section  by 
means  of  the  highest  sandstone,  which  Wash- 
bume  states  is  a  part  of  *Hhe  big  barren 
series"  and  which  therefore  corresponds  with 
the  base  of  the  cliflf-making  sandstone  which 
is  well  developed*  farther  north  and  is  locally 
known  as  the  *'rim  rock.''  A  collection  of 
fossil  plants  was  made  in  Rockvale  Canyon 
from  pink  sandstone  which  occurs  about  135 
feet  below  the  base  of  the  ''big  barren  series" 
of  Washbume.  It  is  this  fossiliferous  sand- 
stone that  affords  the  means  of  correlating  the 
Rockvale  section  with  the  section  measured 
farther  south  and  with  the  Williamsburg  sec- 
tion farther  north.  As  many  of  the  fossils 
collected  by  Hadden  and  Newberry  came  from 
this  horizon  (U.  S.  Geol.  Survey  fossil  locality 
5781),  the  present  writer  collected  only  enough 
material  to  identify  the  horizon.  In  his  mate- 
rial were  foimd  Anemia  supercrektcea  Hollick 
and  Salix  plicata  E<nowlton. 

Halymenites  major  Lesquereux  occurs  in  the 
sandstone  a  few  feet  above  the  horizon  at 
which  these  plants  were  found,  and  about  100 
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feet  higher  (U.  S.  Geol.  Survey  fossil  locality 
5782)  Pterospermites  undulcUus  Knowlton  and 
Viburnum  montdnum  Knowlton  were  found. 
Still  higher  in  the  section,  near  the  base  of  the 
"rim  rock,"  Ficas  leei  Knowlton,  Ficus  wardii 
Knowlton,  and  Myrica  torreyi  Lesquereux  were 
found  (U.  S.  (jeol.  Survey  fossil  locality  6783). 
The  following  plants  were  collected  from 
the  rock  waste  of  the  Rockvale  mine,  said  to 
come  from'  the  roof  of  the  lowest  bed  in  the 
coal  measures: 

Fossil  plants  collected  near  Rockvale^  Colo. 
[V.  S.  Geol.  Survey  fossil  locality  5793.] 

Asplenium?  coloradense  Knowlton. 
Canna  magni folia  Knowlton. 
Ficus  speciosissima  Knowlton. 
Osmunda  hollicki  Knowlton. 

WILLXAMSBITRO. 

The  rocks  from  the  Rockvale  sandstone  up 
to  the  *'rim  rock"  are  well  exposed  in  the 
point  of  the  mesa  about  a  mile  north  of  the 
town  of  Williamsburg.  (See  PI.  XXIII.)  The 
Pierre  shale  and  the  Trinidad  sandstone  are 
also  exposed  here,  but  the  lower  group  of  coal- 
bearing  rocks  is  not  well  enough  exposed  for 
detailed  examination.  The  rocks  dip  4*^-13® 
W.,  and  by  computation  from  these  dips  and 
the  horizontal  distance  measured  across  the 
space  occupied  by  the  poorly  exposed  rocks,  a 
thickness  of  about  300  feet  was  obtained  for 
the  lower  group.  The  thickness  of  these  beds 
as  measured  in  the  shaft  of  the  Rockvale  mine 
is  323  feet.  The  Rockvale  sandstone  con- 
tains great  numbers  of  Halymenites  major 
Lesquereux,  and  near  the  top  of  it  there  are 
many  lenticular  masses  of  pink  sandstone 
which  contain  the  marine  invertebrates  named 
in  the  following  section: 

Section  of  rocks  measured  at  the  point  of  the  mesa  north  of 

Williamsburg,  Colo. 

[For  graphic  section  see  PI.  XXU.] 

Sandstone,    coarse,    locally    conglomeratic,        Feet, 
probably  base  of  Arapahoe  (?)  formation. . .        10 ± 
Unconformity. 
Vermejo  formation: 

Sandstone,  friable 4 

Sandstone,  massive,  coarse  grained,  cliff 
making,  yellowish  white;  forms  cliff  at  the 
top  of  mesa 65 

Sandstoiie,  shaly,  thin  bedded;  contains 
many  impressions  of  palm  leaves,  Sahal 
montana  Knowlton  (U.  S.  Geol.  Survey 
fossil  locality  5780)  and  several  netted- 
veined  leaves  too  poorly  preserved  for 
identification 25 


Vermejo  formation — Continued. 

Sandstone,  massive,  with  partings  of  shal 
sandstone,  yellow.  Coal  beds  near  th 
base 

Shale  containing  fossil  plants  near  the  toj 
Ficus  praetrinervis  Knowlton,  Sabal  moTi 
tana  Knowlton,  Sequoia  obovataf  Know] 
ton,  Sequoia  reichenbachi  (Ceinitz)  Heei 
Vibumum  montanum   Knowlton   (U.    S 

Geol.  Survey  fossil  locality  5779) 

Coal-.... 

Sandstone,  soft,  yellowish  white 

Shale,  drab  to  brown 

Sandstone,  nodular,  yellow 

Sandstone,  soft,  massive,  white 

Shale,  brown,  with  thin  beds  of  coal 

Sandstone,  massive,  yellowish  white;  con 
tains  near  the  base  fossil  plants  of  the  sam 
species  as  were  found  in  the  pink  sandston 
west  of  Rockvale,  and  Halymenites  majo 
Lesquereux  at  the  top 

Shale,  drab 

Sandstone,  concretionary,  yellow 

Sandstone,  shaly,  with  a  thin  bed  of  coal 
feet  from  the  base 

Sandstone,  massive 

Covered;  probably  shale  or  shaly  sandstone 

Sandstone,  massive,  yellow  to  white,  weatt 
ering  to  a  reddish  brown.  The  upper  4 
feet  forms  a  prominent  shelf  and  contain 
Halymenites  major  Lesquereux 

Shale,  sandy,  not  continuously  exposed 

Sandstone  (Rockvale  member),  massive,  ye] 
low  to  brown,  containing  Halymenites  mxijo 
Lesquereux  and  the  marine  invertebrate 
Avicula  linguiformis  Evans  and  Shumard 
Lucinaf  sp.,  Mactra  warrenana  Meek  an( 
Hayden,  Mactra  sp.,  Tellina  scitula  Meel 
and  Hayden,  and  Thracia  subgracUis  Whit 
field  (U,  S.  Geol.  Survey  fossil  localitic 
6513  and  6567) 

Covered 

Coal 

Sandstone,  massive 

Coal  (Rockvale  bed) 

Trinidad  sandstone: 

Sandstone,  massive,  brown 

Pierre  shale: 

Shale  with  thin  layers  of  sandstone  (transi 
tional  zone),  containing  Halymenites  ma 
jor  Lesquereux  and  fragments  of  netted 
veined  leaves 

Shale. 

For  a  considerable  distance  above  th 
vale  sandstone  the  rocks  are  soft  and  i 
plete  exposure  of  them  was  found.  T 
coal  bearing,  and,  according  to  Was! 
map  of  this  field  (here  reproduced 
XXI,  p.  162),  this  poorly  exposed  par 
section  contains  two  coal  beds  of  cons 
thickness.     Halxpnenites   were    found 
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horizons,  one  about  110  feet  and  the  other 
about  230  feet  above  the  Rockvale  sandstone. 
The  upper  horizon  is  the  same  as  the  one  de- 
scribed as  occurring  about  135  feet  below  the 
''rim  rock"  in  Rockvale  Canyon,  where  also 
the  fossil  plants  occur  below  the  Halymenites 
zone. 

The  cliff  or  ''rim  rock"  consists  of  two  strata 
of  hard,  massive  sandstone,  separated  by  about 
25  feet  of  softer  sandstone,  shaly  in  places  and 
containing  fossil  plants,  chiefly  large  palm 
leaves.  The  upper  stratum  is  very  resistant 
and  forms  a  nearly  perpendicular  cliff.  It  is 
here  only  65  feet  thick  and  is  evidently  the 
lower  part  of  the  great  sandstone  more  than 
500  feet  thick  that  forms  the  hogback  at  Alkali 
Gap,  about  4  miles  farther  west.  Gravels  that 
seem  to  belong  to  the  conglomerate  which  lies 
unconformably  on  the  Vermejo  in  the  center  of 
the  field  occur  at  the  top  of  the  section. 

VOBTHEBV  PAST  OF  FIELD. 

The  Rockvale  sandstone  is  well  exposed  be- 
tween Rockvale  and  Brookside.  In  a  gulch 
half  a  mile  east  of  Brookside  it  forms  a  cliff  (see 
PI.  XXIV)  and  contains  great  nimibers  of 
Halymenites  major  Lesquereux.  In  it  are 
large  concretions  of  sandstone  that  weather  to 
a  pink  color  like  those  just  described  north  of 
Williamsburg.  Some  of  these  concretions  con- 
tain Mactra  warrenana  Meek  and  Hayden  and 
Madra  sp.  (U.  S.  Geol.  Survey  fossil  locality 
6568).  A  bed  of  coal  which  occurs  imme- 
diately  above  the  sandstone  is  beheved  to  be 
the  same  as  the  thin  bed  below  the  Chandler 
coal  of  the  Alkali  Gap  section. 

A  small  area  of  coal-bearing  rocks  north  of 
Arkansas  River  is  underlain  by  the  Trinidad 
sandstone,  which  is  here  more  prominent  than 
it  is  farther  south  and  forms  a  conspicuous 
cliff,  the  most  prominent  part  of  which  is 
locally  known  as  the  Castle.  It  contains 
Halymenites  major  Lesquereux  and  great  num- 
bers of  fragmentary  plants,  but  half  a  day's 
search  resulted  in  finduig  only  two  leaves, 
Ficus  pra^trinervis  Knowlton  and  DryophyUum 
hruneri  Ward,  that  were  perfect  enough  for 
specific  identification  (U.  S.  Geol.  Survey  fossil 
locality  5776).  The  presence  of  fossil  seaweeds 
in  the  sandstone,  together  with  the  fragments 
of  land  plants,  suggests  that  the  sandstone  was 
deposited  near  the  shore  and  that  the  plants  were 
washed  into  the  sea  from  land  that  was  near  by. 


AXJDkUOAP. 

West  of  Brookside  the  rocks  are  not  well 
exposed  and  no  single  bed  was  traced  by  the 
writer,  but  Washbume  traced  the  coal  devel- 
oped in  the  Brookside  mine  west  and  south  to 
Alkali  Gap,  where  the  longest  section  of  the 
Canon  City  field  was  measured.  Fossils  were 
collected  at  this  locality  from  several  horizons 
and  observations  were  made  looking  toward 
the  correlation  of  the  various  rocks  with  those 
examined  along  the  eastern  margin  of  the  field. 
The  measurements  made  by  the  writer  corre- 
spond in  general  with  those  previously  pub- 
lished by  Washbume^  and  his  measurements 
are  used  for  plotting  the  section  in  Plate  XXII 
(p.  164).  However,  to  the  section  as  pub- 
lished by  Washbume  have  been  added  the 
fossils  collected  by  the  writer,  who  also  is  re- 
sponsible for  the  correlations  shown  on  this 
plate.     The  section  follows: 

Section  of  rocks  measured  in  Alhalx  Gap, 
[For  graphic  section  see  PI.  XXII.] 

Sandstone,  tnftaceous,  and  bright-colored 
clay,  nearly  horizontal,  probably  Denver   Ft-    ^ 

formation 50      0 

Not  exposed,  horizontal  distance  325  feet, 

dip  unknown. 
Conglomeratic  sandstone,  dip  75^E.  (pofledbly 
equivalent  in  age  to  Arapahoe  formation)...  160      0 
Unconformity. 
Vermejo  formation: 

Sandstone,  soft,  with  streaks  of  sandy  shale, 

nearly  vertical 255      0 

Sandstone,  strong,  massive,  makes  crest  of 

ridge 250      0 

Not  exposed,  probably  mostly  soft  sand- 
stone, some  fire  clay  at  top 40      0 

Coal,  thin  bed. 

Sandstone 25      0 

Not  exposed,  soft  rocks 20      0 

Coal,  probably  Brookside  bed 3      0 

Shale 2      0 

Sandstone,  white,  even  bedded 20      0 

Sandstone,  soft 35      0 

Not  exposed 30      0 

Coal,  in  black  shale 1      6 

Not  exposed 20      0 

Sandstone,  with  fossil  leaves  at  base:  Ficus 
speciosissiTna  Knowlton,  Myrica  torreyi  Les- 
quereux, Palaeoaster  inquirenda  Knowlton 
(U.  S.  Geol.  Survey  fossil  locality  5775). . .    55      0 

Coal,  Chandler  bed,  in  an  open  cut 4-5      0 

Sandstone  and  shale 40      0 

Coal,  top  not  exposed l-f- 

Sandstone,  coarsegrained,  massive,  with  iron 
concretions,  weathers  yellow, contains  Halif' 
menites  major  Lesquereux  near  the  top....    65      0 
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Vennejo  formation — Continued.  Ft.  ixL 

Sandstone,  shaly 30  0 

Coal,  upper  Royal  Gorge  bed 4  0 

Shale,  hard,  sandy 10  0 

Coal,  bloom,  lower  Koyal  Gorge  bed ...  4  0 

Sandstone,  soft,  white 27  0 

Shale,  with  coaly  streaks 5  0 

Sandstone,  soft,  gray 31  0 

Coal 2  0 

Shale 1  0 

Coal 1  0 

Not  well  exposed,  probably  mostly  shale ...  41  0 

Sandstone,  hard 8  .0 

Not  well  exposed,  mostly  shale 52  0 

Coal 2  6 

Sandstone  and  shale,  with  a  nonworkable 

bed  of  coal  near  base 63  0 

Coal ? 

Sandstone 16  0 

Coal ? 

Shale 26  0 

Coal 1  0 

Shale 1  0 

Coal 1  8 

Sandstone,  coarse  white 60  0 

Coal,  Rockvalebed 2-6 

Trinidad  sandstone 65  0 

Pierre  shale: 

Shale,  blue,  sandy 45  0 

Sandstone 1  0 

Shale 5  0 

Sandstone,  massive 8  0 

Shale,  blue,  sandy,  with  thin  partings  of 

sandstone 40  0 

Shale,  sandy,  yellow,  containing  large  con- 
cretions with  Pierre  fossils 46  0 

Shale,  blue,  sandy,  with  concretions 65  0 

Sandstone,  soft,  shaly 4  0 

Shale,  sandy,  blue,  yellow,  white ,.  50  0 

Shale,  blue,  containing  at  the  base  con- 
cretions (U.  S.  Geol.  Survey  fossil  locality 
6569)  with  Liu^na  accidentalis  (Morton), 
Syncyclonema  rigida  Hall  and  Meek, 
Inoceramus  sagensis  Owen,  Leda  ei>ami 
Meek  and  Hayden,  Nucula  sp.,  Sphaeri- 
olaf  sp.,  Mactra?  sp.,  BaculiUs  compressus 

Say  f  Scaphitesnodostu  Owen 250  0 

Shale,  blue-black,  with  thin  indurated 
sandy    layers    containing    comminuted 

plant  fragments 150  0 

Shale,  clayey,  dark,  slickensided 3, 000  0 


5,490-f- 


UTTEIX  MIHE. 


About  three-fourths  mile  northeast  of  Alkali 
Gap  a  mine  shaft  has  been  sunk  to  a  depth 
of  more  than  1,000  feet.  It  penetrated  the 
Arapahoe  ( ?)  conglomerate  and  the  upper  part 
of  the  coal  measures  (Vennejo  formation). 
The  record  of  the  shaft  has  been  published 
by  Washbume,*^**  from  whose  description  the 


graphic  section  of  the  Littell  mine  ^^ 
in  Plate  XXII.  The  lowest  coal  be 
in  the  section  is  supposed  to  be  i 
which  the  Chandler  mine  is  develope 
gives  a  convenient  means  of  corre 
section  with  that  of  Alkali  Gap. 

AOE  RELATION'S. 


The  fossils  named  in  the  Alkali  G 
from  the  upper  part  of  the  marine 
regarded  as  sufficient  evidence  for  « 
this  shale  with  the  Pierre  of  the  R 
region.  The  correlation  is  strengthe 
practical  continuity  of  the  lower  p 
shale  between  the  Canon  City  anc 
fields,  a  distance  of  about  40  miles 
the  upper  part  of  the  shale  and  such 
ing  rocks  as  may  have  existed  be 
two  have  been  eroded  away. 

The  top  of  the  Pierre  shale  is  sand 
ing   of   alternating  layers   of   sand 
shale  like  the  transitional  zone  of 
Mesa  region.     Some  of  the  sandst< 
contain    great    numbers    of    leaf 
Hcdymenites  major  Lesquereux  is  cob 

T&INIDAD  SAITDSTONE. 

A  massive  sandstone,  similar  in 
character  and  general  appearance  to 
dad  sandstone  of  the  Raton  Me 
occurs  above  the  transitional  zone, 
larity  of  this  sandstone  to  the  one  h 
same  stratigraphic  position  in  the  R 
region  was  pointed  out  by  Stevenson 
Washbume  "*  also  correlated  it  in 
way  with  the  Trinidad,  although 
no  fossils  in  it  and  expressed  the  op 
it  and  the  Trinidad  ** may  not  be  pre 
chronous  deposits."  Though  the  E 
that  characterize  the  Trinidad  of 
Mesa  region  are  not  so  generally  disi 
the  Canon  City  field,  great  numb< 
typical  Halymenites  major  Lesque: 
found  in  places,  especially  in  the 
part  of  the  field,  together  with  a  si 
otherwise  similar  form.  As  the  oi 
the  two  fields  are  only  40  miles  apa 
the  sandstones  are  similar  in  lithol 
acter,  hold  the  same  stratigraphic 
and  contain  the  same  fossils  the  nam 
sandstone  is  here  extended  to  the  C 
field. 
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VSRMEJO  FORMATIOnr. 

The  coal-bearing  rocks  of  the  Canon  City 
field  contain  fossil  plants  that  correlate  them 
with  the  Vermejo  formation  of  the  Raton  Mesa 
region  so  definitely  that  the  name  Vermejo 
is  here  extended  to  include  them.  The  plant- 
bearing  beds  are  separated  into  two  groups  by 
a  sandstone  of  marine  origin  that  contains 
invertebrates  of  Fox  Hills  type  and  great 
numbers  of  Halymenites  major  Lesquereux,  a 
form  which  seems  to  have  culminated  in  Fox 
Hills  time  and  apparently  to  have  become 
extinct  soon  afterward.  This  fossil  is  also 
f oimd  at  several  horizons  within  the  upper  coal 
group.  The  invertebrates  and  Halymenites 
tend  to  correlate  the  Vermejo  of  this  field  with 
the  Fox  Hills  farther  north,  and  the  other 
fossil  plants  tend  to  show  its  connection  with 
the  Mesavcrde.  From  the  Vermejo  formation 
of  the  Canon  City  field,  57  fossil  plants  have 
been  described,  of  which  23  are  from  the  lower 
coal  group.  (See  p.  54.)  No  definite  locality 
is  given  for  21  pf  the  plants  and  doubtless 
many  of  them  come  from  the  lower  group. 

The  sandstone  separating  the  two  groups  of 
coal  beds  is  here  named  the  Rockvale  sandstone 
member  of  the  Vermejo  formation,  from  its 
typical  development  near  Rockvale.  It  is  of 
marine  origin  and  contains  the  following  fossils: 

FouiU  collected  from  the  Rockvale  sandstone  in  the  Canon 

City  fields  Colo. 

[U.  S.  Oeol.  Survey  fossil  localities  6567,  6513,  and  6568.] 

Avicula  linguiformi^  Evans  and  Shiimard. 

Lucina?  sp. 

Mactra  warrenana  Meek  and  Hayden. 

Mactra  sp. 

Tancredia  americana  Hall  and  Meek. 

Tellina  scitula  Meek  and  Hayden. 

Thracia  subgracilis  Whitfield. 

Halymenites  major  Lesquereux. 

T.  W.  Stanton,  who  identified  these  fossils, 
says: 

Some  of  them  are  identical  with  Fox  Hills  species,  but 
the  evidence  is  not  sufficient  for  stating  positively  that  the 
horizon  is  that  of  the  Fox  Hills  sandstone,  though  the 
difference  in  age  can  not  be  very  great.  We  know  that 
many  epeciee  of  the  Fox  Hills  fauna  have  a  considerable 
range  within  the  Montana  group  and  are  found  in  beds  of 
similar  lithologic  character  several  hundred  feet  below 
the  true  Fox  Hills. 

As  these  forms  elsewhere  range  downward 
in  the  Montana  their  occmrence  here  between 
beds  yielding  a  Montana  flora  would  seem  to 
warrant  placing  the  Vermejo  of  this  field  at 


least  as  low  in  the  time  scale  as  Fox  Hills  as 
developed  in  the  Denver  Basin  and  would  not 
invalidate  its  reference  to  a  place  in  the  middle 
of  the  Mpntana,  as  some  of  the  fossil  plants 
seem  to  demand. 

The  upper  coal  group  has  yielded  a  large 
flora.  (See  table  of  Vermejo  flora,  p.  54.) 
Twenty  of  the  species  named  are  known  to 
come  from  this  group  and  probably  a  large 
proportion  of  the  21  others  whose  horizon  is 
not  definitely  known  were  also  f  oimd  there.  The 
fossil  plants  of  this  group,  according  to  KJiowl- 
ton,  indicate  Montana  age  and,  like  those  from 
the  lower  group,  belong  to  the  Vermejo  flora. 
Also  the  presence  of  HcUym^niteSf  a  fossil  of 
marine  habitat,  near  the  top  of  the  coal- 
bearing  rocks,  indicates  that  these  beds  belong 
at  least  as  low  in  the  time  scale  as  the  Fox 
Hills  of  Denver  Basin.  For  these  reasons  all 
the  coal-bearing  rocks  of  this  field  are  here 
placed  in  the  Vermejo.  No  evidence  was  found 
that  any  of  these  rocks  are  equivalent  in  age 
to  the  Laramie  of  the  Denver  r^on. 

The  upper  part  of  the  Vermejo  formation 
consists  of  massive  sandstone  that  is  about 
600  feet  thick  in  the  western  part  of  the  field. 
It  thins  toward  the  east,  probably  because  its 
top  was  eroded  away  previous  to  the  deposition 
of  the  yoimger  beds.  However,  in  the  eastern 
part  of  the  field  it  forms  a  cliff  100  to  150  feet 
high,  which  is  locally  known  as  the  ''rim  rock.'' 
It  seems  to  be  perfectly  continuous  with  the 
underlying  coal  measures  and  is  therefore  in- 
cluded in  the  Vermejo. 

A&APAHOE  (1)  AND  DEITVER  (1)  FORMATIOHS. 

Resting  uriconformably  on  the  Vermejo  and 
uptiUTied  to  a  nearly  equal  degree  is  a  con- 
glomerate, overlain  by  stUl  younger  beds  that 
are  less  sharply  upturned.  These  have  been 
doubtfully  correlated  with  the  Arapahoe  and 
Denver  formations  by  Washburne,"'  and  the 
present  writer  has  no  information  that  tends 
to  invalidate  this  correlation. 

SXmiCARY. 

The  age  relations  of  the  formations  in  the 
Canon  City  field  may  be  briefly  simimed  up 
as  follows :  The  Pierre  shale  of  this  field  fa  the 
time  equivalent  of  the  Pierre  of  the  Raton 
Mesa  region,  and,  like  the  latter,  may  not  be 
the  full  equivalent  of  the  original  Pierre.  The 
Trinidad  sandstone  of  the  Raton  Mesa  region 


COBRELATION   OF  FORMATIONS  WITH   THOSE   OF   OTHER  REGIONS. 


seems  to  be  equivalent  to  the  Trinidad  of  the 
Canon  City  field;  hence  the  same  name  is 
used  in  both  regions.  The  floras  of  the  Ver- 
mejo  of  the  two  fields  are  similar,  indicate 
Montana  age,  and 
tend  to  correlate  the 
Vermejo  with  the 
Mesaverde.  The  in- 
vertebrates, how- 
ever, tend  to  place 
it  somewhat  higher 
in  the  time  scale  and 
correlate  it  with  the 
Fox  Hills  of  the  areas 
farther  north.  Ac- 
cording to  Stanton, 
famias  from  the  up- 
per part  of  the 
Pierre  of  these  fields 
indicate  horizons 
near  the  top  of  that 
formation.  On  the 
other  hand,  if  the 
Vermejo  flora  is  more 
closely  aUied  to  that 
of  the  Mesaverde 
than  it  is  to  younger 
floras,  as  Knowlton 
believes,  the  top  of 
the  Pierre  shale  of 
these  fields  must  be 
placed  somewhat 
lower  than  the  top 
of  the  Pierre  in  the 
time  scale.  Other 
reasons  for  this  as- 
sumption have  been 
given  in  a  paper  al- 
ready published.^*' 
If  yoimger  Creta- 
ceous rocks  were 
formed  in  the  Canon 
City  field  they  were 
eroded  away  previ- 
ous to  the  deposition 
of  the  Arapahoe  (?) 
conglbmerate.  If 
this  conglomerate  is 
the  time  equivalent 
of  the  Arapahoe  of 
the  Denver  Basin  the 
hiatus   represented 


by  the  imconformity  between  it  £ 
mejo  is  comparable  to  that  of  the 
region  on  the  south  and  to  that  oi 
region  on  the  north.     (See  fig.  1 1 . 
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GTTLF  REGION. 

The  Eocene  deposits  of  the  Gulf  coast  are  di- 
visible into  four  groups,  which  are,  in  ascending 
order,  (1)  the  Midway,  (2)  the  Wilcox,  (3)  the 
Claiborne,  and  (4)  the  Jackson.  These  groups 
are  locally  subdivided  into  a  number  of  forma- 
tions, or  in  areas  where  not  subdivisible  the 
group  name  is  employed  in  a  formation al  sense. 
There  is  a  general  unconformity  by  erosion  be- 
tween the  Midway  and  the  underlying  Creta- 
ceous, but  it  is  usually  concealed  or  inconspic- 
uous because  of  the  similarity  of  the  Eocene 
and  Cretaceous  sediments.  In  northeastern 
Arkansas  the  Midway  overlaps  the  Cretaceous 
and  rests  upon  a  Paleozoic  floor.  The  Mid- 
way and  Wilcox  sediments  are  in  part  marine 
and  contain  a  distinctively  Eocene  fauna  and 
in  part  nonmarine  and  contain  plants  that 
Berry  regards  as  indicative  of  lower  Eocene.^® 

The  Wilcox  group  overhes  the  Midway  and 
in  some  places  is  unconformable  with  it.  Some 
of  the  sediments  are  of  marine  or  brackish- 
water  origin  and  contain  invertebrates,  but 
most  of  them  are  nonmarine  and  contain  beds 
of  lignite.  The  Wilcox  has  yielded  a  large 
flora  which  has  been  studied  by  E.  W.  Berry. 
Of  the  59  species  of  plants  in  the  Raton  flora 
having  outside  distribution,  29  have  already 
been  foimd  in  the  Wilcox  formation.  (See 
table,  p.  60.)  Also,  there  are  many  forms  in 
the  Wilcox  flora  which  differ  sUghtly  in  specific 
character  from  certain  Raton  species,  but 
which  nevertheless  are  so  similar  that  they 
strengthen  the  correlation  of  the  Wilcox  with 
the  Raton  formation. 

The  correlation  of  the  Raton  formation  with 
the  lower  Eocene  beds  of  the  Gulf  region  rests 
mainly  on  the  stratigraphic  position  of  the 
beds,  on  their  structural  relations  to  the  older 
formations,  and  on  the  fossil  plants.  As  the 
Midway  formation  is  the  oldest  Eocene  of  the 
Gulf  region  and  rests  xmconformably  on  the 
Cretaceous,  it  is  possible  that  it  is  equivalent  in 
part  to  the  Raton  formation.  But  there  are 
no  invertebrates  in  the  Raton  with  which  those 
of  the  Midway  can  be  compared,  and  the  Mid- 
way flora  as  now  known  is  too  meager  for  satis- 
factory correlation. 

The  Wilcox  formation  is  Ugnite  bearing,  as 
is  also  the  Midway  in  some  places,  and  this 
character  suggests  comparison  with  the  Raton 
formation,  but  the  Eocene  of  the  Gulf  region  is 
separated  by  about  550  miles  from  the  Raton 


Mesa  region,  a  distance  so  great  that  lithologic 
similarity  is  of  Uttle  value  in  correlation. 

As  plants  are  the  only  fossils  available  for 
directly  correlating  the  Raton  with  formations 
in  the  Gidf  region,  it  follows  that  although  the 
Raton  may  be  in  part  the  time  equivalent  of 
the  Midway,  as  stratigraphic  and  structural 
evidence  would  indicate,  the  fossils  are  found 
principally  in  the  Wilcox. 

COLORADO  SPBINGS  ABEA  AND  DSNVEB  BASIN. 

The  coal  field  near  Colorado  Springs  is  about 
40  miles  from  the  Canon  City  field  and  about  80 
from  the  Trinidad  field.  The  most  recent 
studies  of  this  field  **•  show  that  the  Pierre 
shale  is  overlain  by  the  Fox  Hills  sandstone, 
and  this  in  turn  is  surmounted  by  250  to  300  feet 
of  coal-bearing  rocks  that  constitute  the  south- 
ward continuation  of  the  Laramie  formation 
of  the  Denver  Basin.  Lying  unconformably  on 
the  Laramie  is  the  Dawson  arkose,"*  a  forma- 
tion of  recognized  Tertiary  age. 

The  Dawson  arkose  contains  fossil  plants  and 
bones  of  a  manmial  and  of  dinosaurs,  but  as 
few  fossils  other  than  plants  have  been  f oimd  in 
beds  with  which  it  is  here  correlated  farther 
south  these  correlations  must  rest  for  the  pres- 
ent on  plants,  stratigraphic  position,  and  struc- 
tural relations.  Layers  of  shale  occur  between 
the  massive  beds  of  arkose,  and  some  of  these 
layers  contain  great  numbers  of  fossil  plants. 
A  collection  of  14  described  and  several  xmiden- 
tified  species  was  made  farther  north  near  Se- 
dalia,  Colo.,  several  years  ago,  from  rocks  then 
supposed  to  be  Arapahoe.  Richardson'^  has 
recently  shown  that  these  rocks  belong  to  the 
Dawson  arkose.  The  plants  therefore  belong 
to  the  Dawson  flora,  which,  as  now  known, 
consists  of  45  forms. 

Plants  from  the  Dawson  arkose. 
[Identified  by  F.  H.  Knowlton.] 

Acer  trilobatum  productum?  (Alexander  Braun) 

Ileer. 
Acorus  brachystachis  Ileer. 
Anemia  subcretacea  (Gardner)  Ettingshausen. 
Artocarpus,  probably  A.  similis  Knowlton.** 
Berchemia  multlnervis  (Alexander  Braun)  Heer.' 
Cinnamomum  affine?  Lesquereux. 
CissuB  laevigata  Lesquereux.' 
Cifisus  lobatocrenata  Lesquereux. 
Comus  studeri  Heer  of  Lesquereux.* 
Dicksonia  n.  sp. 
Dombeyopsis  obtuaa  Lesquereux. 


i  Species  oommon  to  Dawson  arkose  and  Raton  fonnatloiL 


CORRELATION   OF  FORMATIONS  WITH   THOSE  OF   OTHER  REGIONS. 


Dombeyopeis  trivialis  Lesquereux. 

Dryoptens  lal^eaiana  (Lesquereux)  Knowlton. 

Dryopteris  lesquereuxii  Knowlton. 

Equisetum  sp.? 

Ficus  denveriana  CockerelL' 

Ficusplanico6tatalatifolia?  Leequereux.' 

Ficus  planlcostata  Lesquereux. 

Ficus  tiliaefolia  Alexander  Braun. 

Ficus  sp.? 

Sabalites  grayanus  (Lesquereux)  Lesquereux. 

Geonomites  tenuiracliis  Lesquereux.^ 

Uedera  n.  sp. 

nicoria  sp.  Knowlton. 

Laurus  primigenia  Unger. 

Launis  socialis  Lesquereux.* 

Laurus  weediana?  Knowlton. 

Nelumbo  lakesiana  (Lesquereux)  Knowlton.* 

Nelumbo  n.  sp. 

Palmocarpon  palmarum  ( Lesquereux)  Knowlton.* 

Phyllites  n.  sp. 

Platanusrhomboidea  Lesquereux.* 

Platanus  raynoldsii  Newberry.* 

Platanus  haydenii  Newberry. 

Populus  nebrascensis?  Newberry. 

Populussp.? 

Pteris  erosa  Lesquereux.* 

Pteris  undulata  Lesquereux. 

Quercus  n.  sp. 

Rhanmus  goldianus  Lesquereux.* 

Sapindus  caudatus  Lesquereux.* 

Viburnum  maiginatum  Lesquereux. 

Viburnum  n.  sp. 

Vitis  olriki?  Lesquereux.* 

Woodwardia  latifolia  Lesquereux. 

On  the  basis  of  these  plants,  the  stratigraphic 
position  of  the  formation,  and  its  structural  rela- 
tions to  the  older  rocks,  the  Dawson  arkose  is 
<x)iTelated  with  the  Raton  formation. 

The  formations  of  the  Colorado  Springs  area 
extend  continuously  northward  through  the 
Denver  region,  which  has  come  to  be  the  recog- 
nized home  of  the  Laramie  and  which  is  well 
known  through  the  writings  of  Emmons,  CVoss, 
and  ELdridge.*"  Recent  work  in  the  southern 
part  of  the  region  by  Richardson  ^^**^^  indicat<?s 
that  the  Dawson  arkose,  which  has  a  maximum 
thickness  of  about  2,000  feet,  includes  in  it 
rocks  equivalent  in  age  to  both  the  Arapahoe 
and  Denver  formations  of  the  Denver  Basin« 
The  plane  of  separation  between  the  Dawson 
and  the  Laramie  is  the  post-Laramio  uncon- 
formity of  the  Denver  Basin. 

The  correlation  of  the  formations  as  indi- 
<;ated  by  the  stratigraphic  and  structural  rela- 
tions is  confirmed  by  some  of  the  fossils.  Dino- 
saurs have  long  been  known  to  occur  in  the 
post-Laramie  beds  of  the  Denver  Basin,  and 

1  Species  oommon  to  Dawson  arkose  and  Raton  formation. 


principally,  if  not  whoDy,  because  of 
these  beds  have  been  regarded  by  many  g 
gists  as  Cretaceous  in  age.  However,  din< 
bones  have  been  found  in  the  Dawsor 
kose  ^^  associated  with  a  mammal  and  plai 
Tertiary  age.  The  dinosaurs  are  not  spe 
ally  identifiable;  hence,  the  correlation  bj 
sils  of  the  Dawson  arkose  with  the  Denvei 
Arapahoe  formations  depends  on  plan 
mains.  According  to  Knowlton  the  Da 
flora  is  of  essentially  the  same  age  alth 
less  numerous  than  the  Denver  flora.  It 
tains  137  species,  of  which  98  have  beei 
scribed  and  35  (of  the  98)  are  known  to  < 
in  the  Raton  formation  of  the  Raton 
region.  (See  table,  p.  60.)  In  brief, 
stratigraphic  and  structural  relations,  as 
as  all  of  the  known  paleontologic  evid 
found  in  the  Dawson,  Denver,  and  Araj 
formations  tend  to  prove  that  the  lower 
of  the  Dawson  arkose  is  essentially  equiv 
to  the  Arapahoe  formation,  and  that  the 
ver  formation  is  equivalent  to  the  higher 
of  the  Dawson.  By  means  of  the  fossil  p 
these  formations  are  correlated  with  the  I 
formation  of  the  Raton  Mesa  region  and 
the  Wilcox  group  of  the  Gulf  coast  an< 
therefore  to  be  referred  to  the  early  Eo 
(See  fig.  11,  p.  169.) 

AREAS  WEST    OF  THE   SOCKT   MOUNTAl 
FIEIiD  IXTESTIQATIONS. 

After  having  determined  that  the 
bearing  rocks  of  the  Raton  Mesa  regioi 
divisible  into  two  formations,  one  of  Moi 
and  the  other  of  Eocene  age,  it  seemed  d 
ble  to  determine  the  relations  of  these  to 
lar  formations  west  of  the  Rocky  Mounta: 
southern  Colorado  and  northern  New  M 
where  two  coal-bearing  formations  occur, 
yoimger  had  previously  been  correlated,  tl 
somewhat  doubtfully,  with  the  Laramie 
the  older,  or  Mesaverde,  has  long  been  ass 
to  the  Montana.  It  is  separated  from  tl 
cidled  ** Laramie"  by  a  thick  formatic 
marine  shale — the  Lewis.  During  the 
mer  of  1911  observations  were  made  in 
western  fields  and  the  results  were  publisl 
during  the  following  year.  Areas  were  e 
ined  near  Durango,  in  southwestern  Cole 
in  the  type  area  of  the  Mesaverde  f ormati< 
i  several  places  in  the  eastern  part  of  th< 
I  Juan  Basin,  including  Pagosa  Junction,  I 
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Monero,  Cuba,  and  Cabezon;  in  the  Rio  Puorco  : 
field;  the  Tijeras  field;  the  Hagan  field;  and 
the  CerriUos  field.  (See  fig.  12,  p.  173.)  In  the 
summer  of  1912,  the  writer,  accompanied  by 
T.  W.  Stanton,  made  a  tour  of  investigation 
from  Albuquer(j[ue  to  Lumberton,  N.  Mex., 
when  data  were  obtained  that  supplement 
those  previously  pul)Ushed.  Other  data  have 
since  been  gathered.  The  information  given 
in  this  paper, ^^  revised  and  brought  up  to 
date,  is  given  in  the  following  pages. 

OEOLOaiC  FORMATIONS. 

GENERAL  FEATURES. 

The  formations  of  northwestern  New  Mexico 
and  southwestern  Colorado,  described  in  tliis 
part  of  the  paper,  and  their  age  relations,  are 
shown  in  a  general  way  in  tabidar  form  below. 
Certain  questionable  relations  and  modifica- 
tions will  be  described  beyond. 

Age  relations  of  the  Cretaceous  and  Tertiary  formations  of 
north-central  and  northwestern  New  Mexico  and  south- 
western Colorado. 


System  and  series. 

Group. 

Tertiary 

9 

Cretaceous  (l^pper 

Moutunii. 

Cretaceous  series). 

Colorado. 

Farmation. 


Undifferen- 
tiated. 

U  nconformity — 

"Laramie*'  for- 
mation. 


/Hctured  Cliffs 
\   sandstone. 


Lewis  shale. 


Mesaverde    for- 
mation. 


V 


8 

o 

C 

es 


iPunta  de  la  Mesa 
sandstone  mem- 
ber. 

Cepbalopod  zone. 


I 


Tres  Herm  a  n  o  s 
sandstone  mem- 
ber. 


Dakota  (?) 

sandstone. 


Gastropod  zone. 


a  Names  of  zones  and  members  are  placed  opposite  lines  showing  rela- 
tive position  in  section. 

DAKOTA  (1)  SANDSTONE. 

A  quartzosc  sandstone,  locally  conglomeratic, 
occurs  at  the  base  of  the  Cretaceous  svstem  in 
north-central  and  northwestern  New  Mexico. 
No  fossils  were  found  in  it,  but  because  of  its 


stratigraphic  position  and  its  lithologic  char- 
acter it  is  here  referred  provisionally  to  the 
Dakota. 

The  so-called  Dakota  sandstone  east  of  the 
Rocky  Mountains  in  Colorado  consists  of  two 
sandstones  separated  by  a  thin  shale.  This 
shale,  together  with  the  underlying  sandstone, 
has  been  proved  to  be  of  Washita  (Comanche) 
age,  leaving  only  the  upper  sandstone  in  the 
Dakota.**^'  ^  The  writer  has  observed  simi- 
lar relations  as  far  south  as  Las  Vegas,  N. 
Mex.  However,  no  rocks  of  Lower  Cretaceous 
age  are  known  to  exist  west  of  the  mountains 
(unless  the  Morrison  formation  be  of  Lower 
Cretaceous  age),  and  the  sandstone  between 
the  Morrison  and  the  lowest  shale  of  the  Man- 
cos  constitutes  the  Dakota  in  tliis  part  of  the 
field.  This  sandstone  was  found  in  all  of  the 
coal  fields  here  described,  and  the  few  obser- 
vations made  on  it  are  presented  in  the  fol- 
lowing pages  devoted  to  the  presentation  of 
details. 

KAHCOS  SHALE. 

The  Mancos  shale  of  central  New  Mexico 
includes  the  rocks,  mainly  shale,  intervening 
between  the  Dakota  sandstone  and  the  Mesa- 
verde formation.  According  to  Schrader,'"^ 
Gardner,'"'*^  and  others  who  have  traced  the 
Cretaceous  formations  from  the  Durango 
region  eastward  and  southward  through  the 
San  Juan  River  region  this  formation  is  essen- 
tially equivalent  to  the  Mancos  of  southwestern 
Colorado."^  The  present  writer  examined  it  at 
three  locaUties  in  the  San  Juan  Basin — near 
Durango,  in  southwestern  Colorado,  and  near 
Monero  and  at  Cabezon,  in  New  Mexico.  It 
is  continuously  exposed  between  Cabezon  and 
the  Rio  Puerco  field,  but  east  of  the  Rio  Puerco 
it  disappears  under  Tertiary  and  Quaternary 
sand  and  gravel  in  the  Rio  Grande  valley,  and 
nothing  is  kno>\Ti  there  of  its  occurrence  and 
extent.  East  of  the  Rio  Grande  the  surface 
is  occupied  by  Paleozoic  and  older  rocks  of  the 
Sandia  Mountain  block,  on  the  eastern  slope  of 
which  the  Mancos  and  younger  rock  fonnations 
reappear  so  little  changed  from  their  appear- 
ance on  the  Rio  Puerco  that  even  without  the 
aid  of  fossils  it  would  be  difficult  to  believe 
that  the  formations  were  not  once  continuous 
between  the  two  fields.  Tliis  similarity  in  the 
lithologic  and  stratigraphic  succession  is  con- 
firmed by  fossils  and  leaves  little  doubt  that 


COEBELATION   OF  FOBMATIONB  WITH   THOSE  OF   OTHEB  BEGIONS. 
the  aea  in  which  the  Mancos  shale  was  deposited  j  of  new  namea  and  to  make  use  of  the 


extended  from  the  San  Juan  Basin  eastward 
over  the  Hagan-Cerrillos  region. 

When  detailed  observations  are  made  on  the 
Mancos  of  central  and  western  New  Mexico  it 
will  probably  be  subdivided  into  at  least  three 
formations,  but  for  the  purposes  of  this  paper 
it  will  be  preferable  to  avoid  the  introduction 


names    adopted   by   Herrick    and    Join 
as  follows : 

The  gastropod  zone  occurs  near  the  b 
the  Mancos  in  a  shale  formation  35  to  IC 
thick,  which,  in  the  Rio  Puerco  field,  coi 
lenses  and  concretions  of  earthy  limestone 
carry  great  numbers  of  fossils.     This  si 


Aointa  U.— ICap  at  partg  o[  Colcrado, 


nfer  to  locallUa  ot  sections  tt 
UoOoUlu  In  Colcndo  and  New  Uexlco:  U. 


(ah,  Arlioiu.  and  Wyumin:;.  shcwin;  (he  poaltlona  ol  ths  roal  nelds  dMCTlbe 
vs  bean  corrabted  In  UDOttier  paptr  ( RalBtim  d  ttie  L'taCaceous  larmatlcni  Id  tb 
>l.  Buiny  PnX.  Papw  K,  pp.  Z7-S8,  igU). 
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readily  recognized  in  the  other  coal  fields  west 
of  the  mountains  here  described  but  is  not  so 
abimdantly  fossiliferous.  In  the  Cerrillos  field 
it  contains  thin  beds  of  coal  near  its  base  and 
in  the  Rio  Puerco  field  carbonaceous  shale. 
It  seems  probable  that  this  may  be  the  horizon 
of  some  of  the  so-called  Dakota  coal  of  the 
southwest. 

A  series  of  yellow  sandstones  alternating 
with  gray  shale  lying  above  this  shale  is  about 
150  feet  thick  on  the  Rio  Puerco  and  thinner 
in  some  of  the  other  fields.  It  thickens  west- 
ward and  thins  eastward.  Herrick  and  John- 
son called  it  the  Tres  Hermanos  sandstone, 
and  this  name  may  be  used  to  designate  the 
zone  containing  the  yellow  sandstone  that 
occurs  near  the  base  of  the  Mancos  in  all  of  the 
fields  described  in  central  New  Mexico  west 
of  the  moimtains. 

The  principal  part  of  the  Mancos  shale  occurs 
above  the  Tres  Hermanos  sandstone  member. 
It  is  a  more  or  less  homogeneous  shale  1,200  to 
2,000  feet  thick  in  the  Durango  region,  about 
1,000  feet  thick  in  the  Rio  Puerco  field,  and 
considerably  thicker  in  the  fields  east  of  the 
Rio  Grande.  It  is  not  divisible  Uthologically, 
but  the  fossils  prove  that  it  contains  time 
equivalents  of  the  Benton,  the  Niobrara,  and 
some  of  the  Pierre. 

The  determiaation  of  the  top  of  the  Man- 
cos in  the  time  scale  involves  some  difficult 
questions.  In  its  type  area  in  southwestern 
Colorado  the  Mancos  includes  at  its  top  rocks 
of  supposed  Pierre  age."®  In  the  Cerrillos 
field  the  shale  below  the  coal-bearing  rocks 
seems  to  have  about  the  same  range,  but  in  the 
Rio  Puerco  field  the  upper  part  of  the  Mancos 
is  arenaceous,  the  lowest  sandstone  member 
above  the  Tres  Hermanos  being  the  Punta  de  la 
Mesa  sandstone.  This  sandy  portion  of  the 
Mancos  has  not  been  separated  from  the  over- 
lying Mesaverde,  and  it  was  described  by  the 
writer  in  his  former  paper  ^  as  the  basal  mem- 
ber of  the  Mesaverde  on  the  assumption  that 
this  formation  extended  downward  to  include 
all  of  the  massive  sandstones.  However,  later 
investigations  show  that  the  Punta  de  la  Mesa 
sandstone  occurs  several  hundred  feet  below 
the  top  of  the  Mancos  shale  as  developed 
farther  north. 

East  of  the  Rio  Grande  the  Mancos  shale  is 
much  thicker  than  it  is  in  the  Rio  Puerco  field. 
At  Hagan  it  has  a  measured  thickness  of  2,116 
feet.    A  characteristic  Benton  faima  occurs  in 


its  lower  700  feet  or  more,  but  its  upper  part 
seems  to  be  yoxmger  than  the  upper  part  of  the 
principal  shale  body  of  the  Mancos  in  the  Rio 
Puerco  field,  for  it  contains  fossils  that  range 
upward  through  the  Mesaverde.  The  few 
fossils  fotmd  at  the  top  of  the  Mancos  near 
Hagan  were  close  to  the  basal  sandstone  of 
the  Mesaverde,  but  in  the  Cerrillos  field  this 
fauna  seems  to  extend  downward  several 
hundred  feet  into  the  shale.  In  this  latter 
field  the  Mesaverde  has  a  measured  thickness 
of  about  2,400  feet.  The  lower  part  of  the 
Mancos  is  clearly  of  Benton  age  and  some  of 
the  rocks  are  probably  of  Niobrara  age.  The 
upper  part  contains  a  great  number  of  fossils 
that  belong  in  the  fauna  of  the  lower  Montana. 
This  occurrence  of  Montana  fossils  below  the 
Mesaverde  necessitates  the  reference  of  the 
rocks  containing  them  to  a  horizon  near  the 
base  of  the  Pierre. 

The  fossil  invertebrates  of  the  Mancos  are 
included  with  those  of  the  Mesaverde  and 
Lewis  in  the  following  table,  and  their  general 
distribution  is  indicated  therein.  Unfortu- 
nately a  great  many  of  the  species  have  never 
been  described,  and  their  generic  names  as 
published  in  the  table  are  of  little  value  in 
correlation. 

The  table  contains  only  the  names  of  fossils 
identified  by  T.  W.  Stanton  from  collections 
made  principally  by  the  writer,  and  in  small 
part  by  J.  H.  Gardner  and  others.  The  fact 
that  many  of  these  species  have  never  been  de- 
scribed may  be  of  no  serious  consequence  for 
the  purposes  of  this  paper,  for  they  seem  to 
have  a  somewhat  restricted  geographic  distri- 
bution in  New  Mexico,  and,  according  to  Stan- 
ton, their  nearest  known  aUies  occur  far  to  the 
southeast  in  Texas;  but  it  is  hoped  that  so 
well  developed  a  fauna  will  be  made  available 
by  proper  description  and  illustrations  for 
purposes  of  correlation  as  stratigraphic  work 
is  extended  in  the  New  Mexico  coal  fields. 
Some  additional  species  from  this  area  have 
been  described  by  Herrick  and  Johnson,  by 
W.  D.  Johnson,  and  by  Shimer  and  Blodgett, 
but  they  are  omitted  from  the  following  table 
unless  they  are  represented  by  identified  speci- 
mens in  the  collections  of  the  United  States 
Greological  Survey. 

In  a  report  on  the  fossils  collected  by  the 
writer  Stanton  makes  the  following  statement 
covering  both  the  Mancos  and  the  Mesaverde 
faunas: 


COBBELATION   OF  F0BMATI0N5  WITH  THOSE   OF  OTHBB  SEQtONS. 


The  distribution  of  the  fkunw  agreee  with  the  field  deter- 
miD&tioD  that  the  coal-bearing  rocka  of  the  Ceirillos,  Hagan, 
Tijeras,  and  Rio  Puerco  fields  all  belong  to  one  fonnation. 
In  the  Tijeras  and  Rio  Puerco  fields  the  marine  fauna  as- 
soctat«d  with  the  coal  occurs  ia  rocks  lying  above  part  of 
the  coal  beds  as  well  as  immediately  b<?Qeath  them  [as 
described  by  Lee,  who  collected  the  foasila].  This  fauna  is 
cloeely  related  to  the  Cretaceous  faunas  of  the  Gulf  and 
Atlantic  borders  and  ia  especially  related  to  the  fauna 
which  occurs  a  short  distance  beneath  the  coal  at  San 
Carlos  near  the  Rio  Grande  in  weatom  Texas.  It  appar- 
ently does  not  extend  far  northward,  the  moat  northern 
point  at  which  it  has  been  found  being  in  the  neighbor- 
hood of  Cabezon.  It  is  of  course  true  that  there  are  some 
similar  and  perhape  a  few  identical  species  in  the  Mon- 
tana group  faunas  of  Colorado  and  more  northern  areas,  but 


the  general  association  of  forms  and  most  of  the  ape 
entirely  different.  Its  horizon  is  that  of  the  Ion 
of  the  Montana  group  not  far  above  the  horizon  of  t 
tin  chalk  and  the  Niobrara  limestone,  and  hence  app 
somewhat  lower  than  the  upper  part  of  the  Itfanco 
veloped  in  aouthweslem  Colorado.  It  is  my  juc 
therefore,  that  the  base  of  the  coal-bearing  rocka 
central  New  Mexican  fields  mentioned  is  lower,  ) 
by  several  hundred  feet,  than  the  base  of  the  Me 
in  the  neighborhood  of  Durango,  Colo.  It  is  wo 
note  that  W.  T.  Lee's  collections  show  a  good  devel 
of  the  Benton  fauna  in  the  beds  underlying  those  c 
ing  the  fauna  associated  with  the  coal,  and  that  this 
buna  is  with  some  additions  essentially  the  same 
in  the  lower  400  feet  of  the  Mancos  shale  in  its  ty 
and  also  in  the  Benton  east  of  the  mountains,  in  Cc 


Dittribulion  ttj  Cretaceous  invertebratet/rotn  touthern  Colorado  and  jiorthem  tfew  Mexico. 
[Identlfled  by  T.  W.  Btanton,] 


1 


Baculites  gracilis  Shumard 

BaculiteeovatusSay 

BacuUtesap 

GUlista  deweyi  Meek  and  Hayden 

Callista  pellucida 

Camptonectee  synimetricus  Herrick  and  Johnson 

Caidium  bellulum  Meek 

Cardium  specioeum  Meek  and  Hayden 

Cardium  trite  While? 

Cardium  sp.  (several  species) . 
Cardium  sp.  (large) . 
Cardium  ep.  (small). 

Cinulia?  sp 

CralopoceiaB colleti  Hyatt. 

Corbiculasp 

Corbulasp 

CraaBatemtea  cimarronensis  White. 
Cnaoatellitee  shumardt  Meek 

CraiB»tdlitefl  ip 

Oenellaap 

Cncu'lMAsp 

OyprinMriaBp 

DMntaliumap 

Bxogyn  colnmbella  Meek 

Xxegyxa  pcnderoBa  Roemer  . . 
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Hactrasp.  (liirgQ  form) 

Hactraep , 

Marfnnana  nebrasceneis  Mock  and  Haydeu 

HanMia7Bp .' 

Metoicoceras  sp.  cf.  M.  eimllowi  (Sbunuffd) 

Metoicoceras  puerc'eii9e(llcrrickand  Johiuon).. 

Metoicoceras  sp 

ModiolaBp 

MortoDiceras  sp.  cf.  M.  delawuronso  (Morton). .  - 
MoeaeauruaBp 


Nautilus  sp _ 

Nemodonsp ., 

NuculapIaniinarginataUeekand  Hayden |.. 

Nucula  sp X    . . 

OdoDtobacis  SD 


OdoDtobacis  sp. . 

OdontofUBUs?  B|) 1., 

Oatrea  congeeta  Conmd I.. 


4T018-— 17 12 


178 


GEOLOGY  AND  PALEONTOLOGY  OP  RATON  MESA  IN  COLO.-N.   MEX. 


MESAVSRDE  FORKATIOH. 

The  Mesaverde  consists  principally  of  sand- 
stone, shale,  and  coal.  It  is  423  feet  thick  near 
Durango,  Colo.,  and  about  the  same  at  Monero, 
N.  Mex.,  but  is  very  much  thicker  farther 
south.  Most  of  the  sandstone  is  yellow  and 
occurs  in  beds  some  of  which  are  massive  and 
thick,  alternating  with  shale.  In  some  places 
the  sandstone  is  more  or  less  lenticular  and 
contains  irregular  masses  of  impure  limestone 
with  great  numbers  of  marine  invertebrates. 
Some  of  the  shale  also  contains  marine  fossils. 
These  rocks  alternate  with  those  containing 
beds  of  coal  and  fossir  plants. 

Fossils  were  collected  from  the  Mesaverde 
at  many  locahties.  Those  coDect^d  where 
the  sections  were  measured  are  denoted  by  lot 
numbers  which  identify  them  in  the  collections 
of  the  United  States  Geological  Survey,  and  the 
same  numbers  are  placed  in  the  generalized 
sections  in  figure  13  to  mark  the  horizons 
from  which  they  came.  Those  collected  at 
a  distance  from  the  measured  sections  are 
described  apart  from  the  sections.  The  spe- 
cies of  each  lot  are  named  in  the  descrip- 
tions of  the  several  fields  (pp.  185-217), 
and  their  general  grouping  is  presented  in 
the  preceding  table. 

Fossil  plants  occur  at  certain  horizons  in 
the  Mesaverde  of  all  coal  fields  in  central  New 
Mexico  and  in  some  places  are  numerous  and 
well  preserved,  but  they  seem  to  be  rare  in 
the  Mesaverde  of  northern  New  Mexico  and 
southern  Colorado.  A  large  part  of  the  flora 
consists  of  undescribed  species  and  the  lack 
of  specific  names  in  the  table  (pp.  175-177) 
is  indicative  not  of  poor  material  but  of 
undescribed  material,  which  in  reaUty  com- 
prises beautifully  preserved  plants.  Unlike 
the  invertebrates  whose  nearest  allies  occur 
far  south,  some  of  the  plants  although  not 
named  are.  probably  specifically  identical 
with  those  from  some  of  the  coal  fields  to 
the  north  and  east,  and  others  are  so  simi- 
lar to  species  found  in  those  fields  that  they 
indicate  essentially  the  same  age. 

The  correlation  by  means  of  fossil  plants 
of  the  Vermejo  formation  of  the  Raton  Mesa 
region  with  the  coal-bearing  formations  west 
of  the  mountains  is  discussed  by  Knowlton  as 
follows: 


The  fossil  plant  material  from  the  areas  west  of  the  moun- 
tains is  very  extensive  but  is  not  yet  fully  worked  up,  in 
fact  is  largely  new  to  science,  which  accounts  for  the  short 
list  of  species.  However,  it  is  not  probable  that  any  mate- 
rial change  of  opinion  as  regards  stratigraphic  position  will 
result  from  the  complete  elaboration  of  the  material,  but 
rather  that  existing  opinion  will  be  strengthened  by  the 
recognition  of  a  greater  number  of  species  common  to  the 
several  areas. 

Bearing  in  mind  the  above  limitations,  we  may  first 
consider  the  Vermejo  flora  of  the  Raton  Mesa  region.  If, 
as  has  been  suggested,  the  beds  immediately  below  the 
Trinidad  sandstone  are  to  be  correlated  with  the  Lewis 
shale  of  the  San  Juan  Basin,  then  the  overlying  coal- 
bearing  rocks  might  on  stratigraphic  grounds  be  presumed 
to  belong  to  the  Laramie.  The  plants  found  in  these 
beds  do  not  bear  out  this  contention,  for  they  have  almost 
no  affinity  with  the  typical  Laramie  of  the  Denver  Basin, 
only  one  species  being  common  to  the  two.  On  the  other 
hand,  this  flora  has  a  positive  and  unmistakable  affinity 
with  the  flora  of  the  Mesaverde  of  the  western  slope  of 
the  mountains,  and,  to  go  farther  afield,  with  the  flora  of 
the  Rock  Springs  coal  group  (Mesaverde)  of  Point  of 
Rocks,  Wyo.  When  we  find  that  such  well-marked  and 
hence  unmistakable  species  as  Sequoia  obovata.  Wood- 
wardia  crenata,  Picas  speciosimma.Ficus  praeirinervis^  Ficus 
wardiif  Ficus  starhnllensiSj  Sabalf  ungeri  (Geonomites  of 
some  writers),  and  Myrica  torreyiy  and  a  number  of  others, 
equally  well  marked  but  unnamed,  are  common  to  the 
floras  of  the  Raton  Mesa  region  and  to  one  or  the  other 
of  the  areas  above  mentioned,  we  are  inevitably  led  to  the 
conclusion  that  they  are  essentially  of  the  same  age. 

On  the  west  side  of  the  mountains,  in  the  Cerrillos, 
Hagan,  Tijeras,  Rio  Puerco,  and  Cabezon  coal  fields,  the 
floras  under  discussion  occur  mainly  in  coal-bearing  beds 
400  to  600  feet  above  the  base  of  the  Mesaverde  of  this 
region,  though  some  of  them  also  range  somewhat  higher 
in  the  Montana,  especially  in  the  Durango  field  to  the 
north.  The  relationship  between  these  floras  and  that 
at  Point  of  Rocks,  Wyo.,  is  rendered  even  closer  than  that 
already  mentioned  between  the  Raton  Mesa  region  and 
Point  of  Rocks  by  the  addition  of  such  forms  as  Nelumho 
intermedia^  Trapa  microphjlla,  Salix  stantonif,  etc.  There 
can  be  no  doubt,  it  seems  to  me,  that  the  floras  of  the 
Raton  Mesa  region,  of  the  central  and  western  New  Mexi- 
can fields,  and  of  the  Point  of  Rocks  field  arc  essentially 
identical  and  hence  perforce  are  of  essentially  the  same 
age. 

Collections  of  plants  obtained  near  Dulce,  N.  Mex., 
and  near  Pagosa  Junction  and  Durango,  Colo.,  from  coal- 
bearing  rocks  above  the  Lewis  shale  have  been  referred 
to  the  so-called  *  Laramie"  of  this  region.  These  collec- 
tions are  very  full  and  embrace  a  number  of  easily  recog- 
nized species;  hence  their  identification  is  satisfactory 
and  complete.  They  prove  clearly  that  these  beds  do 
not  belong  to  the  Laramie,  for  so  far  as  known  to  the 
writer  not  a  single  species  in  them  has  ever  been  found  in 
beds  of  Laramie  age.  On  the  other  hand,  the  plants  be- 
yond question  belong  to  the  Montana,  for  they  include, 
for  instance,  Fims  speciosissima^  Ficus  praetrinerviSf  Ficus 
starhviUeyisiSf  and  Sabal  montana^  which  link  them  with 
the  Mesaverde  floras  to  the  south  and  with  the  Vermejo 
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flora  already  diaconed  ia  the 
Baton<  Mesa  r^ion.  (See 
p.  54.)  Associated  with 
these,  however,  and  tendiDg 
to  give  them  a  slightly 
higher  position  aKhough  still 
within  the  Montana,  ore 
such  forms  as  Brachyphyllttm, 
CunnijighamiUt,  Geinittxo, 
and  Sequoia,  all  oi  which 
are  beyond  doubt  Montana 
types  never  found  in  the  Lar- 
amie. 

A    number  of   collections 
were  made  by  J.  H.  Gardner 
in  the    Ignacio  quadrangle, 
east  of  Durango,  Colo.,  from 
beds  regarded  aa  the  "Lara- 
mie"   of    that    area.      The     3 
plants  in  these  collections,      3 
almost  species  by  species,  are      - 
identical  with  the  forms  from      I 
Dulceand  near  Durango,  and      s- 
I  have  no  heotation  in  my-      3 
ing   that    they    occupy  ihe      , 
same    stratigiaphic    position      ° 
and  ore  the  same  in  age,  viz,     ^ 
Montana.  g 

The  lower  Montana  g 
age  of  the  principal  coal-  § 
bearing  formation  indi-  S 
cated  by  the  fossil  shell ;  g 
has  already  been  stated  f 
in  the  quotation  from  j 
Stanton  (p.  175).  The  S 
fossil  plants-  indicate  the  |_ 
same  age,  although  some  g 
of  the  species  occur  at  f" 
Coalville,  Utah,  in  rock-s  y. 
generally  regarded  as  * 
older  than  Mesaverde  3 
and  others  in  the  so-  ° 
called ' '  Laramie  "  above 
the  Lewis  shale. 

An  effort  was  mado 
to  ascertain  the  relation 
of  the  coal-bearing  rocks 
of  central  New  Mexico 
to  the  Mesaverde  forma- 
tion of  southwest  Colo- 
rado, where  this  for- 
mation was  originally 
named.  Schrader  traced 
the  typical  Mesaverde 
from  Durango  eastward 
and  southward  aroimd 
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the  San  Juan  Basin,  but,  not  being  satisfied  that 
the  coal-bearing  rocks  near  Cabezon  are  to  be 
correlated  directly  with  the  typical  Mesaverde, 
he  described  them  as  the  ''lower  Montana 
coal  group;  relation  to  Mesaverde  unknown.'* 
However,  Gardner,  who  later  examined  the 
same  rocks,  referred  them  definitely  to  the 
Mesaverde.'^^'  "^'  ^^' 

The  present  writer  visited  the  Durango 
region  for  the  purpose  principally  of  acquaint- 
ing himself  with  the  rocks  originally  named 
Mesaverde.  It  was  thought  that  this  region 
would  be  favorable  for  the  collection  of  fossil 
plants,  the  Mesaverde  coals  having  been  exten- 
sively mined  there.  He  also  examined  the  coal- 
bearing  formation  at  Monero,  N.  Mex.,  and  was 
convinced,  as  others  have  been,  that  it  is  equiv- 
alent to  the  Mesaverde  of  the  Durango  region. 
However,  it  was  noted  that  the  Mesaverde  at 
Monero  is  only  a  few  hundred  feet  thick  (prob- 
ably about  the  same  as  in  the  Durango  region, 
where  it  is  only  423  feet),  and  that  the  Mesa- 
verde of  Gardner^s  Arroyo  Torreones  section,^^' 
measured  a  few  miles  northwest  of  Cabezon,  is 
more  than  1,300  feet  thick. 

It  seems  evident  that  the  Mesaverde  of  the 
Torreones  section  includes  more  than  the  Mesa- 
verde of  the  Monero  section.     It  has  been 


shown  elsewhere  in  this  paper  that  the  basal 
sandstone  of  the  Mesaverde  is  probably  the 
same  in  both  places  and  that  the  upper  part 
of  the  Mesaverde  of  the  Torreones  section  is 
probably  the  time  equivalent  of  the  lower  part 
of  the  Lewis  shale  of  the  Monero  region. 

A  somewhat  hasty  examination  of  the  rocks 
between  Monero  and  Cabezon  convinced  the 
writer  that  the  base  of  the  Mesaverde  as  de- 
scribed by  Schrader  and  Gardner  is  essentially 
the  same  at  both  localities,  and  that  the  upper 
part  of  it  near  Cabezon  is  probably  equivalent 
in  age  to  the  lower  part  of  the  Lewis  shale  as 
developed  near  Monero.  This  has  been  de- 
scribed in  a  paper  by  the  writer  previously 
published.'*^  The  coal-bearing  formation  of 
the  Rio  Puerco  field  Is  essentially  equivalent  in 
age  to  the  Mesaverde  of  the  San  Juan  Basin  but 
is  underlain  by  sandstone  and  sandy  shale,  for- 
merly included  in  the  Mesaverde  but  now 
known  by  lateral  tracing  to  be  equivalent  in 
age  to  the  upper  part  of  the  Mancos  shale.  In 
brief,  it  may  be  stated  that,  except  for  the 
variations  noted  in  the  upper  and  lower  limits 
of  the  formation,  the  lower  group  of  coal-bear- 
ing rocks  of  all  the  fields  here  described  that 
lie  in  central  New  Mexico  west  of  the  mountains 
is  stratigraphically  identical  with  the  Mesaverde 
of  the  San  Juan  Basin. 


COBRELATION   OF  FOBMATIONS  WITH   THOSE  OP   OTHER  HEQ10N8, 


II 


i 

I 


182  GEOLOGY  AND  PALEONTOLOGY  OP   EATO-N   ME&A  IN  COLO.-N.   MEI. 


COBRELATION   OF  FOBMATIONS  WITH   THOSE  OP   OTHER  REGIONS. 


LEWIS  SHAIJi. 

The  Lewis  shale  is  known  to  occur  in  the 
region  described  in  this  paper  in  the  San  Juan 
Basin  only.  It  is  1 ,600  feet  thick  near  Durango 
on  the  northern  rim  of  the  basin  and  is  possibly 
thicker  in  some  other  places.  According  to 
Schrader'^  its  maximum  thickness  is  2,500 
feet.  It  thins  sharply  southward,  and  at  its 
outcrop  in  the  southern  parts  of  the  basin 
is  about  200  feet  thick."'  Gardner"'  states 
that  it  is  2,000  feet  thick  near  GaUina  and 
that  on  the  Arroyo  Torreones,  about  30  miles 
southwest  of  Gallina,  it  is  only  250  feet  thick. 
No  explanation  of  this  great  variation  in  thick- 
ness can  be  given,  but  the  suggestion  pre- 
viously noted  seems  pertinent,  that  the  Lewis 
may  become  sandy  and  coal  bearing  to  the 
south  and  may  thus  be  equivalent  in  age  to 
the  upper  part  in  the  Mesaverde  of  the  Cabezon 
region.  In  this  connection  it  may  be  noted 
that  a  shale  of  marine  origin  nearly  twice  as 
thick  as  the  Lewis  of  the  Arroyo  Torreones 
section  occurs  in  the  midst  of  the  Mesaverde 
in  the  Rio  Puerco  field  and  that  a  sandy  shale 
of  marine  origin  of  nearly  the  same  thickness 
occurs  in  the  Tijeras  field  above  the  principal 
group  of  coals.  Because  the  fossils  from  these 
shales  do  not  differ  notably  from  those  of  the 
coal-bearing  rocks  above  and  below  them  the 
shales  are  regarded  as  probably  parts  of  the 
Mesaverde  formation.  However,  it  is  entirely 
possible  that  when  the  faunas  and  floras  of 
this  region  are  better  known  some  of  the  rocks 
here  described  as  Mesaverde  may  prove  to  be 
equivalent  in  age  to  a  part  of  the  Lewis  shale. 

Pew  fossils  have  hitherto  been  collected  from 
the  Lewis  shale  of  the  southwest.  Bdcvlites 
(wper"*  was  foimd  in  it  in  southwest  Colorado, 
and  a  few  fossil  shells  were  found  by  Gardner 
southeast  of  Raton  Springs.  These,  together 
with  the  shells  collected  by  the  present  writer 
near  Dulce  (locaUties  7200  and  7201),  are  suffi- 
cient to  make  rather  definite  the  correlation  of 
the  Lewis  shale  with  the  top  of  the  Pierre  of  the 
Raton  coal  field.  The  fossils  are  named  and  their 
relation  to  those  collected  in  the  Raton  field 
indicatedin tableof  invertebrates  (pp.  1 75-177) . 


(( 


LA&AMIE'*  FOBMATIOH. 


The  ''Laramie"  formation  occurs  within  the 
area  described  in  this  part  of  the  paper  only 
in  the  San  Juan  Basin.     It  is  600  feet  thick 


near  Durango  and  nearly  as  thick  in  the 
em  rim  of  the  basin,^^'  but  is  thinner 
eastern  rim,  probably  owing  to  post-Cret 
erosion.  At  Dulce  it  is  only  225  feet 
This  formation  lies  conformably  on  the 
shale,  and  (probably  for  this  reason  moi 
for  any  other)  it  has  been  called  hi 
although  Cross*"  several  years  ago  ca 
tention  to  the  fiact  that  investigatio 
*' failed  to  bring  to  Ught  valid  grou 
assigning  any  of  the  beds  in  question 
Laramie,  while  there  is  some  reason  to 
that  more  than  the  lower  sandstone  belt 
the  Montana  group.'*  Since  that  time 
siderable  nimiber  of  fossils,  both  inverti 
and  plants,  have  been  collected  from 
beds  in  the  Durango  region.  The  base 
formation,  the  Pictured  Cliffs  sandston 
tains  marine  and  brackish-water  inverte 
and  the  lower  part  of  the  coal-bearing 
above  this  sandstone  contains  brackish 
and  fresh-water  invertebrates.  Several  o 
fossils  occur  in  the  Mesaverde  of  other 
But  higher  in  the  formation  the  writer 
fresh-water  invertebrates  which  Stant 
gards  as  Laramie,  together  with  fossil 
which  Knowlton  regards  as  older  than 
mie.  The  fossil  plants  have  been  includec 
table  on  pages  181-182,  from  which  anc 
the  accompanying  statement  by  KJiow 
will  be  seen  that  the  flora  differs  but  littl 
that  of  the  Mesaverde  and  is  regarded  a 
eating  Montana  age. 

The  name  "Laramie''  is  here  used  f( 
formation,  not  because  the  writer  wis 
argue  for  the  Laramie  age  of  the  rock 
because  the  name  is  in  use  and  because  : 
part  of  the  paper  he  is  intentionally  av 
the  introduction  of  new  formation  name 
must  be  noted,  however,  that  though  tl 
mation  is  called  ''Laramie,"  it  contains 
which,  according  to  Knowlton,  denotes  Mo 
age  and  includes  nothing  in  common  wi 
Laramie  flora  of  the  Denver  Basin. 

Whether  the  formation  will  eventua 
called  Laramie  or  be  designated  in  some 
way  depends  largely  on  the  final  use  o 
somewhat  migratory  name.  But  in  vi 
the  fact  that  many  of  the  species  of 
and  brackish-water  invertebrates  fron 
lower  part  of  the  formation  occur  in  the 
verde  of  other  localities,   as  for  exam 
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the  Grand  Mesa  field  of  western  C!olorado; 
that  many  of  the  invertebrates  are  species  of 
fresh-water  origin  which  many  geologists 
regard  as  unrehable  for  purposes  of  correla- 
tion; and  that  the  plants  are  of  Montana  types, 
serious  doubt  is  cast  on  the  Laramie  age  of  the 
formation.^ 

TEBTIA&T  AlTD  LATEB  FGKMATIGVS. 

It  is  not  thie  piupose  of  the  writer  to  enter 
at  this  time  into  a  discussion  of  the  Tertiary 
and  later  formations  of  New  Mexico  further 
than  is  necessary  to  show  that  in  all  of  the  coal 
fields  described  rocks  of  probable  Tertiary  age 
lie  unconformably  on  rocks  of  imquestioned 
Cretaceous  age.  In  the  Durango  region  the 
"  Laramie '*  is  overlain  unconformably  by  the 
Animas  formation,  which  has  been  regarded 
generally  as  the  time  equivalent  of  the  Denver. 
This  correlation  places  the  Animas  formation  at 
the  base  of  the  Tertiary  according  to  the  classi- 
fication advocated  in  this  paper,  and  the  writer 
has  accepted  this  correlation  because  of  the 
structural  relations."'  Rocks  that  seem  to 
be  equivalent  in  age  to  the  Animas  rest  uncon- 
formably on  the  *' Laramie**  near  Pagosa  Junc- 
tion, Colo.,  and  at  Dulce,  N.  Mex.  Farther 
to  the  south  in  the  San  Juan  basin  the  oldest 
known  Tertiary  rocks — the  Puerco  formation — 
lie  unconformably  on  the  '* Laramie"  in  some 
places  and  on  the  Lewis  shale  in  other 
places."^ 

In  the  Rio  Puerco  field  rocks  that  are  htho- 
logically  similar  to  the  Wasatch  of  the  San 
Juan  ba^sin  lie  unconformably  on  the  Mesa- 
verde.  They  are  varicolored,  with  yellow, 
pink,  and  red  shales  predominating,  and 
although  they  have  never  been  measured  they 
are  comparable  in  thickness  to  the  Tertiary 
formations  of  that  basin.  These  rocks  consist 
of  sandstone,  conglomerate,  and  shale,  all  of 
which  are  poorly  consohdated.  The  upper  part 
is  light  colored  and  seems  to  be  referable  to  the 

1  Since  this  paper  was  written  detailed  work  has  beep  done  in  a 
small  area  in  northwestern  New  Mexico  that  includes  the  socalled 
"Laramie"  formation.  The  rocks  were  subdivided  by  Bauer,>bi  who 
gave  local  names  to  the  subdivisions.  The  fossil  dinosaurs  collected  by 
Bauer's  party  have  been  studied  by  GiImore,^i*  who  concludes  that 
the  beds  are  older  than  Lance  and  probably  synchronous  with  the 
Judith  River  and  Belly  River  formations.  Stanton  tiit>  has  studied 
the  fossil  invertebrates  and  states  that  the  beds  "  may  include  the 
equivalents  of  everything  from  the  Fox  Hills  to  the  Lance,  inclusive." 
Knowlton^i«  has  studied  the  fossil  plants  and  concludes  that  the 
plant-bearing  beds,  "the  Fruitland  and  Kirtland  formations,  are  of 
Montaiia  ago." 


Santa  Fe  marl,  the  type  locality  of  which  is  a 
few  miles  east  of  the  Rio  Puerco  field. 

No  rocks  referable  to  the  Tertiary  were 
foimd  in  the  Tijeras  field,  but  in  the  Hagan 
field  a  series  of  beds  comparable  in  thickness, 
Uthologic  character,  and  general  appearance  to 
the  Tertiary  of  the  Rio  Puerco  field  rest  imcon- 
formably  on  the  Mesaverde.  These  beds  con- 
tain great  quantities  of  petrified  wood,  but  no 
other  fossils  were  found  in  them  that  make 
possible  the  determination  of  their  age.  The 
Hagan  and  Rio  Puerco  fields  are  only  about  30 
miles  apart,  and  it  is  difiicult  to  beUeve  that 
the  rocks  of  these  two  fields,  which  are  com- 
parable in  every  other  way,  diflfer  in  age  to 
any  great  extent. 

In  the  Cerrillos  field,  rocks  that  are  Utho- 
logically  similar  to  the  Tertiary  rocks  of  the 
Hagan  and  Rio  Puerco  fields  and  the  San  Juan 
basin,  lie  unconformably  on  the  Mesaverde. 
They  constitute  a  formation  known  as  the 
Gali^teo  sandstone,  the  lower  part  of  which 
consists  of  conglomeratic  sandstone  and  shale 
identical  in  character  and  appearance  to  those 
of  the  Hagan  field  10  miles  to  the  west,  but  the 
upper  parts  are  coarser  and  contain  large 
angular  blocks  of  m'any  kinds  of  rock,  including 
quartzite  and  crystalline  rocks  such  as  are 
now  exposed  in  the  mountains  a  few  miles  to 
the  northeast,  limestone  containing  Carbonif- 
erous fossils  and  sandstone.  Rock  formations, 
from  which  these  blocks  were  probably  derived, 
are  now  found  upturned  and  eroded  on  the 
flanks  of  the  mountains.  The  Galisteo  sand- 
stone is  many  hundreds  of  feet  in  thickness 
and  may  include  two  or  more  formations,  but 
it  has  not  been  studied  with  a  view  to  subdivid- 
ing it  into  formations  or  of  making  exact 
correlations  with  formations  of  other  fields. 
The  Galisteo  is  the  so-called  '*  Cretaceous  red 
beds''  of  the  Cerrillos  region.  Hay  den  ,^  who 
named  the  formation,  regarded  it  as  Tertiary, 
and  correlated  it  with  the  '^Monument  Creek'' 
of  the  Denver  region,  the  lower  part  of  which 
has  recently  been  named  the  Dawson  arkose  *** 
and  correlated  with  the  Arapahoe  and  Denver 
formations.  J.  J.  Stevenson  '•  failed  to  sepa- 
rate the  Galisteo  from  the  underlying  coal 
measures  and  referred  both  formations  to  the 
Laramie.  D.  W.  Johnson  *•*  also  failed  to 
recognize  the  unconformity  at  the  base  and 
included  the  lower  part  of  the  Galisteo  sand- 
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stone  in  his  Madrid  group,  which  he  referred  to 
the  Fox  Hills.  He  referred  the  upper  part  of 
the  Galisteo  to  the  Laramie.  Little  has  been 
found  in  the  Galisteo  to  establish  its  geologic 
age.  It  contains  great  numbers  of  petrified 
logs,  which  are  beautifully  preserved  in  exter- 
nal form,  but  the  cellular  structure  of  the  wood 
is  not  well  retained  and  no  specific  identifica- 
tions have  been  made.  The  best-known  local- 
ity at  which  these  logs  occur  is  a  few  miles  east 
of  Cerrillos  in  the  so-called  petrified  forest, 
where  there  are  many  logs  25  to  75  feet  or  more 
in  length.  Logs  have  been  found  in  this  forma- 
tion in  many  other  places  in  a  much  better 
state  of  preservation.  Fossil  leaves  have  also 
been  found  in  a  few  places,  but  their  preserva- 
tion is  poor  and  few  have  been  specifically 
identified.  All  things  considered,  it  is  probable 
that  the  Galisteo  sandstone  should  be  corre- 
lated with  Tertiary  formations  farther  west  that 
are  similar  to  it  in  character  and  stratigraphic 
position.     (See  fig.  13,  p.  179.) 

I«OCAIi  FBATURBS  IX  DXTTAIIi. 

DUBAHGO. 

Li  1899  Whitman  Cross  ^*^  pubhshed  a  sec- 
tion of  the  Cretaceous  rocks  that  has  become 
the  standard  for  southwestern  Colorado  and 
western  New  Mexico.  The  section  divides  the 
Cretaceous  into  Dakota  sandstone,  Mancos 
shale  (equivalent  in  age  to  Benton,  Niobrara, 
and  a  part  of  the  Pierre),  Mesaverde  formation, 
Lewis  shale.  Pictured  Cliffs  sandstone,  and  a 
series  of  coal-bearing  rocks  which  had  pre- 
viously been  referred  to  the  Laramie  formation, 
but  whose  identification  was  questioned  by 
Cross.*  The  Pictured  Cliffs  sandstone  is  now 
regarded  as  the  basal  member  of  the  ''Laramie  " 
formation.  The  Animas  formation,  lying  un- 
conformably  on  the  so-called  Laramie,  was 
correlated  with  the  post-Laramie  formations  of 
the  Denver  Basin  and  elsewhere  which  were 
then  generally  referred  to  the  Cretaceous,  but 
which  are  now  referred  to  the  Tertiary. 

This  subdivision  of  the  Cretaceous  finds  ex- 
pression in  a  section  measured  by  J.  H.  Gardner 
a  few  miles  east  of  Durango  for  use  in  the 
Ignacio  folio  of  the  United  States  Geological 
Survey,  now  in  preparation.  At  the  writer's 
request  Gardner  prepared  the  following  section : 

1  See  footnote,  p.  184. 


Section  of  rocks  meatured  on  Florida  River  near  Dur 

Colo,  {except  the  Wcaatchy  wMch  was  measured  / 

east). 

[Data  famished  by  J.  H.  Oardner.] 

Wasatch  fonnation:  Ft 

Sandstone,  massive  ledges,  coarse  grained, 

tan-colored,  with  thin  beds  of  shale 8 

Sandstone  alternating  with  beds  of  shale. .         7 

Sandstone,  massive,  tan-colored 2 

Shale,  variegated,  and  thin  sandstone 10 

Sandstone,  massive,  coarse  grained,  gray. .        3 

Shale,  gray  and  drab "      5 

Sandstone,  tan-colored,  coarse  grained, 
with  lenses  of  colored  quartz  and  chert, 

about  the  size  of  a  bird  egg 2i 

Shale,  variegated,  with  lenticular  beds  of 

brown  and  gray  sandstone 40 

Shale,  variegated  with  benches  of  gray 
sandstone  and  thin  ferruginous  sand- 
stone and  sandy  shale 60 

Sandstone,  massive,  soft,  gray 2 

Shale,  variegated 5 

Sandstone,  massive,  coarse  grained,  dark 

gray  but  locally  purplish-brown 

Shale,  variegated  with  brown,  reddish, 
gray,  and  drab,  with  thin  beds  of  brown 

and  gray  sandstone 

Shale,  brownish  and  reddish,  with  lenses 
of  conglomeratic  sandstone;  pebbles  of 

colored  quartz  and  chert  chiefly 

Shale,  yellowish  and  gray 

Sandstone  with  small  pebbles  of  quartz 

Shale,  yellowish,  drab,  and  gray 

Shale,  tan-colored  and  reddish  at  the  base, 
containing  Platanus  raynoldsii  Newberry? 
at  the  base  (U.  S.  Geol.  Survey  fossil  lo- 
cality 5666) 25( 


32 


8i 
5< 

0 


2,271 


Lithologic  contrast;  unconformity  not  percept- 
ible where  section  was  measured. 
Animas  formation: 

Sandstone,  massive,  tan-colored,  micaceous 
with  greenish  igneous  debris,  alternating 
with  yellowish  shale 5( 

Shale,  brown,  drab,  gray,  and  some  reddish .        71 

Sandstone,  tan-colored,  alternating  with 
heavy  beds  of  brown,  greenish,  drab, 
and  yellowish  shale,  containing  Ficus 
sp.,  Laurus  sp.,  Platanus  cf.  P.  ffuillelmae 
GSppert,  109  feet  from  the  top  (U.  S.  Geol. 
Survey  fossil  locality  5455),  and  Arto- 
carpus  lessigiana  (Lesquereux)  Knowlton 
and  Nyssa  racemosaf  Knowlton,  275  feet 
from  the  top  (U.  S.  Geol.  Survey  fossil 
locality  5667) 85J 

Sandstone,  greenish  gray,  with  small  igne- 
ous pebbles  one-fourth  inch  in  diameter   • 
in  irregular  zones 5( 

Shale  and  sandstone,  greenish,  locally  con- 
glomeratic        25( 
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Animas  lormation — Continued.  Ft.    in. 

Shale,  greenish 60      0 

Sandstone,  greenish  and  pink  with  pebbles 
of  schist  and  quartzite  chiefly;  pebbles 

1  to  10  inches 20      0 

Shale,  greenish 15      0 

Sandstone,  greenish  gray,  coarse,  friable. . .         10      0 
Shale,  greenish,  and  conglomeratic  sand- 
stone         20      0 

Shale,  carbonaceous 1      0 

Shale,  drab 2      0 

Shale;  carbonaceous 1      0 

Shale,  greenish,  with  sUicifled  wood 81      0 

Sandstone,  gray  and  ferruginous,  with  sand- 
stone concretions 10      0 

Shale,  dark  red,  bluish,  and  drab 250      0 

Sandstone,  argillaceous,  with  andesite  and 

other  igneous  pebbles  and  tuffs 20      0 

Sandstone  and  shale  with  igneous  matrix 

and  pebbles 20      0 

Shale,  greenif^h  and  purple 50      0 

Sandstone,  yellowish 20      0 

Shale,  greenish,  purple,  and  bluish 20      0 

Sandstone,  massive,  poorly  consolidated, 
yellowish- white,  and  cross-bedded;  con- 
tains Ficus  planieostata  Lesquereux  at 
the  base  (U.  S.  Geol.  Survey  fossil  local- 
ity 5456) 

Sandstone,  argillaceous,  and  some  shale; 

igneous  matrix 

Tuff,  coarse  fragments  of  different  composi- 
tion  

Shale,  reddish  alternating  with  dark  con- 
glomerate and  sedimentary  debris 

Tuff,  reddish  and  pink,  coarse  grained. . 
Sandstone,  brown,  fine  grained,  with  round 

sandstone  concretions 

Shale,  irregularly  bedded,  gray,  friable. .  - 
Sandstone,  brown,  coarse  grained;  igneous 

matrix 

Sandstone,  yellowish  and  locally  reddish. 

Sandstone,  drab-colored,  weathers  reddish; 

igneous  matrix 


Unconformity  by  erosion,  and  discordance  of 

dip. 
"Laramie"  formation  (upper  part): 

Shale,  yellowish,  with  sometimes  a  white 

sandstone  near  the  top 50      0 

Shale,  drab-colored,  with  some  thin  sand- 
stone       100      0 

Sandstone,  massive,  light  colored 20      0 

Shale,  tan  and  gray 90      0 

Sandstone,  massive,  soft,  gray 12      0 

Shale  and  soft  sandstone  containing  at  the 
base  (U.S.  Geol.  Survey  fossil  6063)  Unio 
holmesianus  White,  Unio  sp.,  Corbicula 
sp.,  Corbula  subtrigonalis  Meek  and  Hay- 
den,  Tulotoma  thompsoni  White,  Gonio- 
hasisf  sp.,  Campelomaf  sp 20      0 


50 

0 

85 

0 

12 

0 

28 

0 

7 

0 

8 

0 

1 

8 

1 

4 

0 

1 

0 

15 

0 

2,091 

8 

"Laramie"  formation  (upper  part) — Contd.  Ft.    in. 

Sandstone,  massive,  rather  hard,  gray 20      0 

Shale,  brownish,  and  thin,  soft  sandstone.  320      0 

Sandstone,  friable,  gray 6 

Sandstone,  brown,  containing  Braehyphyl- 
lum  macrocarpum  Newberry  and  Sequoia 
reichenhacki  (Geinitz)  Heer  (U.  S.  Geol. 

Survey  fossil  locality  5462) 2      0 

Sandstone,  gray 15      0 

Shale  and  some  thin  sandstone 30      0 

« 

Shale    and    thin    sandstone,    containing 
Sequoia     reichenbachi    (Geinitz)     Heer, 
Carpites   sp.,    Juglans   sp.,    Salix   sp.? 
(U.  S.  Geol.  Survey  fossil  locality  5463).        19      0 
Coal  bed 1      0 

Shale  and  thin  sandstone 10      0 

Sandstone,  soft  in  several  beds 35      0 

Shale 8      0 

Coal  bed  C 3      1 

Shale,  carbonaceous 15      0 

Coal  bed 8 

Shale,  dark  and  drab 20      0 

Sandstone,  massive,  gray  with  calcareous 
layer  near  base 50      0 

Sandstone  and  shale,  containing  PhoUuf 
sp. f  Ooniobasisf  ep.f  Campelomaf  ep.,  Vi- 
viparus  sp.,  43  feet  above  the  base  (U.  S. 
Geol.  Survey  fossil  locality  6064)  and 
fossil  plants  at  the  base 150      0 

Shale,  containing  both  fresh-water  and 
brackish- water  invertebrates  as  follows: 
Unio  brachyopisthus  White,  Unio  hol- 
mesianus White,  Unio  2  undescribed  (?) 
species,  Sphaerium  sp.,  Martesiaf  sp.; 
"Ftinporussp.,  Campelomaf  sp.;  Tulotoma 
thompsoni  White,  Ostrea  sp.,  Corbicula 
sp.  related  to  C.  subelliptica  Meek  and 
Hayden,  Corbicula  sp.,  Corbula  sp., 
Melania  sp.  (U.  S.  Geol.  Survey  fossil 

localities  6071,  6072,  and  6074) 10      0 

Coal  bed  B 12      2 

Shale  and  thin  sandstone,  containing,  15 
feet  from  the  top  (U.  S.  Geol.  Survey 
fossil  locality  6065),  Ostrea  sp.,  Anfmiia 
sp.,  Modiola  laticostata  WTiite,  Corbula 
subtrigonalis  Meek  and  Hayden?,  20  feet 
from  the  base  (U.  S.  Geol.  Survey  fossil 
locality  5453)  are  the  fossil  plants  ^^e^iiota 
reichenbachi  (Geinitz)  Heer,  Quercus  sp., 
and  at  the  base  (U.  S.  Geol.  Survey  fossil 
locality  6068)  both  shells  and  plants, 
Anomia  sp.,  Corbula  suhtrigonalis  Meek 
and  Hayden?,  Cypris?  sp.,  and  Melania 
sp.  and  (U.  S.  Geol.  Survey  fossil  locality 
5451)  Brachyphyllum  macrocarpum  New- 
berry, Geinitzia  formosa  Heer,   Sequoia 

reichenbachi  (Geinitz)  Heer 50      0 

Coal  bed  A 3      0 

Shale,  dark  and  drab 4      0 


1,090      5 
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Pictured  Cliffs  sandstone  member  of  "  Laramie  " 

formation:  Ft.    in. 

Sandstone,  gray,  maasiYe,  top  of  Pictured 
Cliffs  sandstone  (U.  S.  Geol.  Survey  fossil 
localities  6067,  6069,  6070),  containing 
both  invertebrates  and  plants,  Ostrea  sp., 
Inoceramus  barabini  Mortimer,  Cardium 
speciosum  Meek  and  Hayden,  Tellina  sci- 
tula  Meek  and  Hayden,  Anomia  sp..  Cor- 
hula  subtrigonalis  Meek  and  Hayden?, 
and  (U.  S.  Geol.  Survey  fossil  localities 
5446  and  5448)  GeiniUia  formosa  Heer?, 

A  hietites  dubius  Lesquereux 75      0 

Shale,  drab 15      0 

Sandstone,  massive,  brownish 6      0 

Shale,  carbonaceous  and  coaly 3      0 

Shale,  drab 10      0 

Sandstone,  massive,  gray 10      0 

Sandstone,  massive,  gray,  with  some  alter- 
nating shale  beds,  bottom  of  Pictured 
Cliffs  sandstone  (U.  S.  Geol.  Survey  fossil 
locality  6066),  containing  at  the  base 
Ostrea  sp.,  Inoceramus  sp.,  Corbula  sp., 

Odontobasisf  sp 75      0 

Transition  sandy  shales  with  beds  of  sand- 
stone 6  inches  to  1  foot  thick 200      0 

394      0 
Lewis  shale 1,  600      0 

Mesaverde  formation: 

Sandstone,  massive,  light  gray 10  0 

Shale  and  sandstone 80  0 

Coal  bed 10 

Sandstone  and  shale 170  0 

Sandstone,  massive,  gray 20  0 

Coal  bed 2  7 

Shale  and  sandstone 28  0 

Coal  bed 1  8 

Shale : 12  0 

Coal  bed 2  0 

Shale 8  0 

Coal  bed 1  3 

Shale  and  sandstone '. 12  0 

Coal  bed 4  6 

Shale 10  0 

Coal  streak  sometimes  present  here. 
Sandstone,  massive,  gray,  containing  Ficus 

landolataf  Reer 60  0 

Mancos  shale:  422    10 

Shale  with  transitional  beds  of  thin  sand- 
stone and  shale  at  the  top,  containing 
Gryphaea    newberryi    Stanton,    1,200    to 
2,000  feet  thick,  60  feet  above  the  base. .  1, 600      0 

Dakota  sandstone  and  sandstones  at  base  of 
Mancos: 

Sandstone,  massive,  gray,  quartzose 20      0 

Shale,  dark  and  gray,  with  local  thin  coal 

beds  and  some  shaly  sandstone 40      0 

Sandstone,  massive,  gray,  quartzose 50      0 


Dakota  sandstone  and  sandstones  at  base  of 
Mancos — Continued.  Ft 
Shale  and  thin  sandstone  with  local  car- 
bonaceous layers  and  thin  coal  beds 10( 

Sandstone,  massive,  gray,  quartzose II 
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In  order  to  correlate  the  formations 
scribed  from  central  New  Mexico  with  tl 
of  the  Dm-ango  region  the  writer  mad 
somewhat  hasty  trip  to  Dm-ango,  where 
Cretaceous  formations  are  well  exposed  a] 
Animas  River.  Careful  search  was  made 
fossils  in  the  Mesaverde,  Lewis,  and  *'L 
mie"  formations.  None  was  foimd  in 
Lewis,  and  the  Mesaverde  was  disappoin 
collecting  ground,  although  a  few  shells 
pooriy  preserved  fossil  plants  were  found  i 
Half  a  mile  west  of  Twin  Buttes,  at  the  mc 
of  the  gulch  entering  Lightner  Creek  from 
west  (U.  S.  Geol.  Survey  fossil  locality  6C 
Equisetum  sp.,  Sequoia  reicJieribachi  (Geir 
Heer,  fern,  Quercus  sp.,  Quercus  n.  sp.,  p; 
and  Ficus  sp.  were  found,  but  most  of  t 
are  too  pooriy  preserved  to  be  specific 
identified.  In  this  gulch,  half  a  mile  far 
west,  Baculites  anceps  var.  ohtusus  Meek 
foimd  above  the  main  coal  beds.  A  si 
palm,  Sabalf  ungeri  (Lesquereux)  Know 
was  foimd  on  the  dump  of  an  old  mine  in 
Mesaverde  coal,  which  opens  in  the  g 
about  a  mile  south  of  the  Durango  sm< 
(U.  S.  Geol.  Survey  fossil  locality  6046) ; 
on  the  dump  df  another  mine  in  Horse  Gulc 
the  same  coal  measures,  about  half  a 
east  of  Durango  (U.  S.  Geol.  Survey  f 
locality  6048),  Ficus  type  of  F.  lancet 
Heer  and  Ficus  sp.  were  found.  The  f 
plants  seemed  to  be  confined  to  very 
stricted  zones  closely  associated  with  the  < 
Ba^cvlites  anceps  var.  ohtusus  Meek  was  f  c 
in  the  Mesaverde  above  the  coal  in  se^ 
places  near  Durango.  Such  limited  obse 
tions  as  were  made  in  this  region  gave 
impression  that  the  Mesaverde  is  here  es 
tially  a  marine  formation,  and  this  seems  t 
verified  by  the  work  of  other  geologists. 

Fossils  collected  from  the  Mesaverde  se'^ 
years  ago  and  identified  by  Stanton  are  as 
lows: 
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Meaaverde  fossils  from  southwestern  Colorado, 

[Collected  by  Robert  Forrester.] 

Anchura  newberryi  Meek. 

Actcon  intercalaris  Meek. 

Baculites  anceps  var.  obtusuB  Meek. 

Baculites  compressus  Say. 

Calllsta  deweyi  Meek  and  Hayden. 

Cardiiim  bellulum  Meek. 

Cardium  speciosuzn  Meek  and  Hayden. 

Dentalium  sp. 

FascLoIaria  sp. 

Fusus  sp. 

Inoceramus  barabini  Morton. 

Lucina  sp. 

Lunatia  sp. 

Odontobasis  sp. 

Ostrea  subtrigonalis  Evans  and  Shumard. 

Pinna  sp. 

Panopaea  sp. 

Placenticcras  intercalaFe  Meek  and  Hayden. 

Serpula  sp. 

Sphaeriola  sp. 

Turritella  sp. 

The  coal-bearing  formation  above  the  Lewis 
shale,  near  Duraogo,  has  somewhat  generaUy 
been  regarded  as  Laramie  because  of  its  strati- 
graphic  position.  These  beds  were  found  to 
be  very  fossiliferous  in  some  places.  Some  of 
the  fossils  throw  doubt  on  the  Laramie  age 
of  the  formation,  but  for  the  purposes  of 
this  paper  it  will  be  called  "Laramie'*  in  order 
to  avoid  introducing  a  new  name.  Gardner 
found  several  fossils  in  it.  The  best  collection 
obtained  from  it  by  the  writer  contains  both 
plants  and  invertebrates,  found  in  the  west 
wall  of  Animas  Canyon,  half  a  mile  south 
of  Carbon  Junction,  about  200  feet  above  the 
lowest  or  principal  bed  of  coal.  A  few  fossil 
plants  were  collected  from  lower  horizons  in 
the  same  formation  near  this  locality  by  J.  A. 
TaflF  in  1906  and  by  J.  H.  Gardner  in  1909. 
In  order  to  make  the  flora  of  this  locality  com- 
plete, these  have  been  included  in  the  following 
hst  and  are  marked  *: 

Fossils  collected  from  the  *'  Laramie  ^^   on  or  near  Animas 
River,  in  the  Durango  region^  Colo. 

Plants  (U.  S.  GeoL  Survey  fossil  locality  6044): 

Ficus  spcciosissima  Ward. 

Ficus  praetrinervis  Know! ton. 

Ficus  leoi  Knowlton. 

Ficus  stark\ullen8i6?  Knowlton. 

Quercus  n.  sp. 

Sabal?  ungeri  (Lesquereux)  Knowltbn. 
*Abietite8  dubius  Lesquereux. 
*Brachypbyllum  macrocarpum  Newberry. 
*Carpites  sp. 
*Geinitzia  formosa  Ileer. 
*Sequoia  reichenbachi  (Geinitz)  Heer. 


Shells  (U.  S.  Geol.  Survey  fossil  locality  7197): 
Unio  holmesianus  Wliite. 
Unio  sp.  related  to  U.  aldrichi  White. 
Uniosp. 
Neritina  sp. 

Tulotoma  thompsoni  White? 
Campeloma?  sp. 
Viviparus  sp. 

In  conmienting  on  the  age  of  these  fossils 
Knowlton  sa3rs  of  the  plants:  "Notwithstand- 
ing the  fact  that  this  collection  is  from  rocks 
generally  regarded  as  of  Laramie  age,  there  is 
not  a  single  species  in  it  that  suggests  the 
Laramie  [of  the  Denver  Basin].  It  is  the  same 
flora  as  that  at  Point  of  Rocks,  Wyo.,  and  so 
far  as  I  can  see  is  of  the  same  age,  namely, 
Montana." 

The  shells  collected  by  the  writer  are  beauti- 
fully preserved,  but  they  are  of  fresh-water 
species.  Stanton  says  of  them:  "I  consider 
this  a  Laramie  fauna.  The  unios  are  Lance 
types  and  the  gastropods  are  of  types  that 
range  from  Mesaverde  to  Lance." 

In  addition  to  the  fossils  named  above,  a 
number  of  invertebrates  have  been  collected 
from  the  "Laramie"  of  southwest  Colorado  by 
Robert  Forrester  "«  and  J.  A.  Taff.  Their  col- 
lections have  been  joined  with  those  of  the 
writer  and  of  Gardner  in  the  f oUpwing  list,  which 
includes  all  the  invertebrates  known  from  the 
"Laramie"  of  southwest  Colorado.  The  ma- 
rine forms  come  from  the  Pictured  Cliflfs  sand- 
stone member  and  the  brackish-water  forms 
mainly  from  the  lower  part  of  the  overlying 
shaly  portion  of  the  "Laramie"  formation, 
above  the  principal  coal  bed.  The  fresh-water 
forms  collected  by  the  writer  were  found  above 
the  principal  beds  of  coal,  but  Gardner  re- 
ports many  of  them  in  close  association  with 
the  coals. 

Fossil  invertebrates  of  the  '* Laramie'^  formation  of  south- 
west Colorado. 

Anomia  sp.  related  to  A.  micronema  Meek. 
Anomia  sp. 
-Campeloma?  sp. 

Cardium  speciosum  Meek  and  Hayden. 
Corbicula  sp.  related  to  C.  subelliptica  Meek  and 

Hayden. 
Corbicula  occiden talis  Meek  and  Hayden. 
Corbicula  sp. 
Corbula  undifera  Meek. 
Corbula  subtrigonalis  Meek  and  Hayden. 
Corbula  sp. 
Cypris?  sp. 
Groniobasis?  sp. 
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COBRELATION   OP  FORMATIONS  WITH   THOSE  OF   OTHER  REGIONS. 


Inoceramus  barabini  Morton. 

Inoceramus  sp. 

Martesia?  sp. 

Melania  wyomingensis  Meek? 

Melania  sp. 

Modiola  laticostata  White. 

Neiitina  sp. 

Ostrea  sp. 

Pholas?  sp. 

Sphaerium  sp. 

Tellina  scitula  Meek  and  Hayden. 

Tulotoma  thompsoni  White. 

Unio  holmesianus  White. 

Unio  brachyopisthufl  White. 

Unio  vemicosiformia  Whitfield? 

Unio  sp.  related  to  U.  aldrirhi  White. 

Unio  sp.  undescribed;  possibly  2  species. 

Vivipanis  sp. 

The  relation  of  the  so-called  "Laramie''  for- 
mation to  the  yoxmgor  formations  exposed  along 
Animas  River  is  not  yet  satisfactorily  deter- 
mined. Several  himdred  feet  above  the  hori- 
zon of  the  fossils  collected  by  the  present 
writer  there  is  a  distinct  change  in  hthology. 
A  hard,  massive,  cUff-making  sandstone  rests 
with  xmeven  base  on  shale,  and  in  the  lower 
part  of  this  sandstone  was  foxmd  a  large  bone, 
apparently  a  shoulder  blade,  of  which  only  a 
small  part  was  obtained.  On  examination  it 
proved  to  be  a  dinosaur  bone,  but  no  more  defi- 
nite identification  was  possible.  This  sand- 
stone was  not  observed  over  a  wide  enough 
area  to  demonstrate  that  it  rests  unconform- 
ably  on  the  "Laramie,"  but  the  abrupt  change 
in  hthology  and  the  imeven  base  of  the  sand- 
stone suggests  that  it  may  be  the  base  of  the 
Tertiary  beds.  This  sandstone  does  not  seem 
to  be  present  on  Florida  River,  where  Gardner 
measured  his  section,  unless  the  white  sand- 
stone (not  always  present)  at  the  top  of  his 
"Laramie"  represents  it. 

MOHE&O  AHD  DTTLOX. 

About  2  miles  southeast  of  Chama,  in  the 
northeastern  part  of  the  San  Juan  Basin  on  the 
Denver  &  Rio  Grande  Railroad  in  northern 
New  Mexico,  the  Dakota  sandstone  was  ob- 
served in  a  small  canyon.  The  Mancos  shale 
occupies  a  broad  valley  between  Chama  and 
Monero,  and  a  sandy  zone  near  its  base  prob- 
ably represents,  in  a  general  way,  the  Tres 
Hermanos  sandstone  member  typically  de- 
veloped farther  south.     The  writer  collected 


no  fossils  from  the  Mancos  in  northern  1 
Mexico,  but  Schrader  obtained  Inocera 
fragUis  Hall  and  Meek,  Scaphites  warreni  tA 
and  Hayden,  and  Prionocyclu^  wyominge 
Meek  from  a  locality  on  Chama  River  2  n 
northwest  of  Elvado,  N.  Mox.,  at  a  horizon  i 
mated  by  him  to  be  about  the  middle  of 
shale.  According  to  Stanton  these  fossils 
note  upper  Benton  age. 

Just  east  of  Monero  the  railroad  pai 
through  a  sharp  canyon,  in  which  the  bi 
sandstone  of  the  Mesaverde  forms  conspicu 
cliflfs.  The  westward  dip  of  the  rocks  bri 
the  coal  beds  that  overlie  this  basal  sandst 
down  to  the  level  of  the  railroad  at  Mon< 
where  the  coal  has  been  mined  for  many  ye 
The  Mesaverde,  which,  according  to  Scl 
der*^  was  traced  from  Durango  to  Moni 
does  not  here  diflFer  notably  in  character  fi 
the  Mesaverde  of  the  Durango  region. 

A  few  very  poorly  preserved  plants,  Brcu 
phyUum  cf .  B.  macrocarpum  Newberry,  My 
or  Eucalyptus  n.  sp.,  and  Ficus  n.  sp.,  v 
foimd  associated  with  the  Mesaverde  coals  r 
Monero  (U.  S.  Geol.  Survey  fossil  locality  60 
The  fossil  plants  seem  to  be  restricted  to  \ 
narrow  zones.  The  sandstone  both  below 
above  the  coal  beds  contains  marine  fosi 
Ostrea  sp.,  Pecten  sp.,  Inocerarmis  barahini  'b 
ton,  and  Baculites  anceps  var.  obtusus  M 
were  collected  near  Monero  from  a  sandst 
a  few  feet  above  the  highest  bed  of  coal  (U 
Geol.  Survey  fossil  locality  7206). 

The  Lewis  shale  occupies  a  broad  valley 
tween  Monero  and  Dulce.  Its  thickness 
estimated  at  1,000  feet,  but  this  estimate  i 
be  too  low,  for  its  measured  thickness  both  \ 
and  south  of  Monero  is  2,000  to  2,500  feet.^ 
Schrader  traced  it  continuously  aroimd 
northern  rim  of  the  San  Juan  Basin  and  pro 
it  to  be  the  eastward  extension  of  the  typ 
Lewis  shale.  About  half  a  mile  north  of  D 
it  is  very  fossiliferous.  The  following  si 
were  collected  from  it  at  two  horizons 
limestone  concretions  distributed  somew 
sparingly  through  the  upper  half  of  the  sh 
which  is  perfectly  exposed  in  a  steep  bai 
slope.  (See  PI.  XXV,  A.)  The  first  lot 
the  following  hst  is  from  the  upper  100 
(7200)  and  the  second  lot  is  from  a  horizon 
to  500  feet  below  the  top  of  the  shale  (7201 
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Fossils  collected  from  the  Lewis  shale  about  half  a  mile  north  of 

Dulce,  N.  Mfj. 

[U.  S.  GeoL  Survey  fossil  localities  7200  and  7201.] 


Ostrea  pellucida  Meek  and  Hayden? 

Ostrea  sp 

Anomia  sp 

Syncycloncma  ri^ida  Hall  and  Meek 

Syncyclonema  Bp 

Inoceramus  sa^ensifl  Owen 

Inoceramus  obiongus  Meek? 

Modiola  ep 

Cardium  epeciosum  Meek  and  Hayden 

Pinna  lakesi  White? , 

Tngonarca  (Breviarca)  exigua  Meek  and 

HaU..... 

Lucinaocdden talis  (Morton) 

Thetis  circularia  Meek  and  Hayden 

Pyrif usiw  ep 

Tellina  sj* 

Mactra?  sp 

Liopistha  undata  Meek  and  Hayden? 

liUnatia  sp 

Fueus?  sp 

Anisomyon  patelliformis  Meek  and  Hayden . 

Actaeon  sp 

Haminea  sp 

Baculites  ovatiis  Say 

Baculites  compressiis  Say 

Ancylocejras  sp * 

Scaphites  nodosus  Owen 

Placenticeras  whitfieldi  Hvatt 

Placenticeras  intercalare  \teek  and  Hayden. 
Pish  scales 


7200 


7201 


X 


X 
X 


X 
X 


X 


X 
X 


X 
X 


X 


X 
X 
X 
X 
X 


X 


X 
X 
X 
X 


X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 


Above  the  Lewis  shale  lies  a  series  of  rocks 
•not  less  than  1,000  feet  thick,  somewhat  shaly 
in  the  lower  part,  where  a  thin  bed  of  coal 
occurs,  but  consisting  principally  of  massive 
sandstone  more  or  less  conglomeratic  through- 
out. Apparently  some  of  the  older  geologists 
referred  this  whole  series  to  the  Laramie. 
Others  referred  some  of  it  to  the  Laramie  and 
some  to  the  Tertiary.  Schrader  ***  described 
the  lower  or  coal-bearing  portion  as  Laramie  ? 
and  proved,  by  tracing  the  beds,  that  it  is  iden- 
tical with  the  so-called  Laramie  of  the  Durango 
region.  The  following  fossil  plants  were  foimd 
by  the  present  writer  a  few  feet  above  the  coal 
both  north  and  south  of  the  railroad  near 
Dulce. 

FossU  plants  collected  from  the  *' Laramie**  formation  near 

DuUXj  N.  Mex. 

[U.  S.  Geo!.  Survey  fossil  locality  6042.    Those  marked  *  occur  also  in 
the  "  Laramie"  near  Durango,  Colo.] 

*  Brachyphyllum  nmcrocarpum  Newberry. 

*  Sequoia  reichenbachi  (Geinitz)  Heer. 
Gunninghamites  pulchellus  Knowlton. 

*Geinitzia  formosa  Ileer. 
Ficus  planicoetata?  Lesquereux  (same  as  species 
at  Point  of  Rocks). 


*  Ficns  praetrinervis  Knowlton. 

*  Picas  type  of  F.  lanceolata  Heer. 
Sabal  montana  Knowlton. 
ZizyphiiB  n.  sp. 

The  flora  is  essentially  the  same  as  that  de- 
scribed from  the  "Laramie"  of  the  Durango 
section  and  confirms  the  statement  that  the 
beds  are  of  the  same  age.  It  also  strengthens  ' 
Knowlton 's  opinion  (p.  179)  that  the  beds  may- 
be older  than  the  Laramie  of  the  Denver  Basin, 
for  two  of  the  species  are  found  at  Point  of 
Rocks,  Wyo.,  in  a  formation  regarded  as  older 
than  Laramie,  and  others  are  found  in  the 
Mesaverde  at  the  locaUties  farther  south  de- 
scribed in  this  paper.  In  commenting  on  these 
plants,  Boiowlton  says:  "Their  age  is  essen- 
tially Montana  and  not  Laramie.  If  I  were 
iminfluenced  by  their  apparant  stratigraphic 
position  I  should  incline  to  place  them  in  the 
Mesaverde,  but  since  they  are  above  Lewis 
they  obviously  can  not  be  Mesaverde,  though 
they  can  be,  and  in  my  opinion  are,  still  Mon- 
tana." 

In  the  Dulce  area  the  rocks  above  the  Lewis 
shale  that  are  referable  to  the  Cretaceous  are 
only  about  225  feet  thick,  including  the  basal 
sandstone,  which  is  60  feet  thick.  A  section 
of  them  and  of  the  rocks  overlying  them  was 
measured  in  the  steep  canyon  wall  about  a  mile 
northwest  of  Dulce.  At  this  locaUty  a  con- 
glomerate that  varies  greatly  in  thickness  and 
character  within  short  distances  rests  imcon- 
formably  upon  the  coal-bearing  rocks.  For 
about  75  feet  above  this  basal  conglomerate 
the  rock  is  variable  in  hthologic  character  and 
consists  of  friable  granidar  sandstone  and  shale, 
irregularly  intermingled  and  containing  many 
lenses  and  irregular  masses  of  conglomerate^ 
The  whole  mass  is  dark  and  gives  the  impres- 
sion of  being  the  erosional  product  of  dark 
igneous  rock.  It  is  the  same  material  as  that 
from  Pagosa  Jmiction,  described  on  page  191  as 
consisting  largely  of  andesitic  material. 

Section  of  rocks  measured  about  a  mile  northwest  of  Dulce, 

N.  Mex, 

Formation  not  named  (regarded  by  the  writer  as 

basal  Tertiary):  Feet. 

Sandcrtone,  conglomeratic,  brown 80-f- 

Sandstone,  slightly  shaly,  with  greenish  tint 

at  base;  massive,  yellow  above 44 

Shale  and  sandstone,  yellow 121 

Sandstone,  shaly,  greenish 6 

Conglomerate   with   pebbles  principally  of 

chert,  up  to  one-half  inch  in  diameter...  12 
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Fonnation  not  named  (regarded  by  the  writer  as 
basal  Tertiary)— Continued. 

Sandstone,  shaly,  gray 

Conglomerate  with  chert  pebbles  up  to  three- 
fourths  inch  in  diameter 

Shale,  sandy,  yellow ., 

Sandstone,  white 

Shale,  sandy,  yellow 

Conglomerate  with  chert  pebbles  up  to  three- 
fourths  inch  in  diameter 

Shale,  sandy,  yellow 

Sandstone,  massive,  coarse  grained,  yellow. . 

Shale,  sandy,  dark 

Sandstone,  friable,  dark 

Sandstone,  coarse  grained,  conglomeratic, 
with  pebbles  mostly  of  chert  up  to  an  inch 
or  more  in  diameter 


Feet. 
27 

28 
8 
3 

10 

38 
18 
66 
21 
46 


6 


Unconformity  by  erosion.  534 
"  Laramie '  *  formation :                                           === 
Shale*,  sandy,  carbonaceous;  contains  fossil 
plants  (U.  S.  Geol.  Survey  fossil  locality 

6042) 83 

Coal,  coke,  and  intruded  igneous  rock 8 

Sandstone,  coarse  grained,  light  colored 66 

Shale,  sandy 8 

Sandstone,  massive,  light  colored 60 


Lewis  shale:  225 

Shale,  fossiliferous  (U.  S.  Geol.  Survey  fossil 
localities  7200  and  7201) 300+ 


1,059 


The  formations  just  described  are  well  ex- 
posed north  of  Pagosa  Junction,  Colo.,  about  15 
miles  northwest  of  Dulce,  in  the  gap  eroded 
through  the  hogback  formed  by  the  upturned 
sedimentary  rocks,  but  no  section  of  them  was 
measured.  The  Lewis  shale  was  observed  and 
the  basal  sandstone  of  the  "Laramie"  formation 
was  foimd  to  contain  Halymenites  major  Los- 
quereux  as  it  does  also  at  Dulce.  The  "Laramie" 
near  Pagosa  Jimction  is  much  thicker  than  it  is 
farther  east,  the  estimated  thickness  being  600 
feet.  Two  coal  beds  near  the  base  of  the  for- 
mation have  been  opened  at  the  Talian  mine. 
The  lower  one  is  3  feet  thick  and  the  upper  4 
feet,  and  they  are  separated  by  20  feet  of  sandy 
shale.  From  between  these  two  beds  a  few 
miles  to  the  west  Gardner  collected  the  follow- 
ing invertebrates: 

FouiU  coUedtedfrom  the  *  *  Laramie^ '  formation  in  the  SE.  \  sec. 
19 y  T.  S4  N.fR.4  W.,  near  Pagosa  Junction^  Colo.,  5  feet 
above  **Laramie*'  coal  No.  1. 

Ostrea  subtrigonalis  Evans  and  Shumard. 
Anemia  sp.  cf .  A.  micronema  Meek. 
Oorbicula  cytheriformis  Meek  and  Hayden. 
Ooibiila  imdilera  Meek. 


From  a  layer  of  fissile  sandstone  about 
feet  above  the  upper  bed  of  coal  the  wr 
collected  the  following  fossil  plants: 

Fosnls  collected  from  the  *^  Laramie'^  fonnation  at  the  Tc 
mine  near  Pagosa  Junction^  Colo. 

[U.  S.  Oeol.  Survey  fossil  locality  6442.J 

Ficus  praetrinervis  Knowlton. 

Ficus  wardii  Knowlton. 

Ficus  leei  Knowlton. 

Ficus  n.  sp. 

Pteris  n.  sp. 

Quercuscf.  Q.  rockvalensis  Knovilton. 

Carpites  sp. 

Salixsp. 

Phaseolites  minutus  Knowlton. 

Diospyros?  leei?  Knowlton. 

In  his  comments  on  these  plants  EjiowI 
says  their  age  ^'is  undoubtedly  Montana, 
several  identified  species  being  all  present 
the  Vermejo.    The  flora  also  closely  resemi 
that  of  the  Mesaverde.'' 

The  upper  part  of  the  '* Laramie''  is  a  g 
sandy  shale,  usually  covered  at  the  surf 
with  dfibris  but  well  exposed  in  a  railroad  < 
north  of  Pagosa  Jimction,  at  the  contact  w 
the  overlying  rocks,  which  the  writer  rega 
as  Tertiary.  The  base  of  the  overlying  roi 
is  a  Qparse  massive  conglomerate,  in  wh 
were  found  several  varieties  of  pebbles, 
well  rounded,  whose  maximum  diameter 
3  to  4  inches. 

Thin  slides  of  rook  from  this  basal  oonglo 
erate  north  of  Pagosa  Junction  were  examii 
by  E.  S.  Larsen,  who  states  that  the  mat 
is  clearly  derived  from  andesitic  rocks.  It 
made  up  largely  of  crystal  fragments 
plagioclase  feldspar  with  some  grains  of  1 
groundmass  of  andesitic  rocks  and  a  few  gra 
of  quartz,  secondary  chlorite,  and  otl 
minerals.  The  pebbles  consist  of  seve 
sorts  of  rock,  including  sandstone,  quartzi 
quartz,  and  igneous  rocks  partly  or  who 
decomposed.  Somp  of  them  appear  to 
highly  altered  andesites.  The  specimens  < 
amined  suggest  that  the  conglomerate  consii 
of  washed  andesitic  tuff,  in  which  was  embedd 
waterwom  pebbles  derived  from  consohdat 
rock,  although  the  impression  gained  frc 
field  examination  was  that  the  matrix,  as  w 
as  the  pebbles,  was  derived  by  erosion  frc 
consolidated  rocks.  The  andesitic  charact 
of  the  rocks  strengthens  the  suspicion,  gain 
from  the  stratigraphio  position  of  the  beds  ai 
from  fossils  at  higher  horizons  in  the  sai 
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formation,  that  it  is  equivalent  in  age  to  the 
Animas  formation  as  developed  near  Durango. 
The  basal  conglomerate  of  the  supposed 
Tertiary  forms  the  crest  of  the  hogback  but 
disappears  southward  beneath  friable  sand- 
stone and  coal-bearing  shale  1,000  feet  or  more 
in  thickness.  In  one  exposure  of  strata  about 
400  feet  thick  were  foimd  eight  coal  beds 
ranging  in  thickness  from  a  few  inches  to  a  foot. 
Fossil  plants  are  abundant  in  this  formation. 
Collections  were  made  at  three  localities,  one 
near  the  base  of  the  coal-bearing  rocks  and 
two  about  400  feet  stratigraphicaUy  higher. 
They  are  as  follows: 

Fossils  collected  in  a  railway  cut  one-half  mile  downstream 

from  Pagosa  Junction,  Colo. 

[U  S.  Oeol.  Survey  fossU  locality  6309.] 

Ficus  pseudopopulus  Lesquereux. 

Castalia  cf.  C.  leei  Knowlton. 

Viburnum  cf.  V.  antiquum  (Newberry)  Hollick 

and  V.  perfectum  Ward. 
Juglans  cf.  J.  berryi  Knowlton. 

Fossils  collected  aboiU  400  feet  stratiffraphioally  above  the 
horizon  of  Pagosa  Junction^  Colo. 

[Those  from  U.  S.  Oeol.  Survey  fossil  locality  6443  are  from  a  mile  north- 
east of  the  junction  and  those  from  6444  are  from  a  mile  northwest  of  the 
Junction.] 


Platanus  aoeroidea  Goppert 

Platanus  aoeroidea  latifolia  Knowlton 

Viburnum  epeciosum  Knowlton 

Sabal?  ungeri  (Lesquereux)  Knowlton 

Ficus  neoplanicoetata  Knowlton 

Persea?  or  I^aurus  sp.,  new? 

Leguminous  leaflet,  new 

Rhanmus  cleburni  Lesquereux 

Nelumbo  lakesiana  (l^esquereux)  Knowlton 


6443. 


X 
X 
X 
X 
X 
X 


6444. 


X 


X 
X 
X 
X 
X 
X 


The  writer  found  no  fossil  vertebrates  in  this 
region,  but  J.  H.  Gardner  has  kindly  furnished 
the  following  information  in  a  letter  dated 
December  26,  1911: 

I  have  carried  a  reconnaissance  survey  around  the  north 
side  of  the  Sau  Juan  Basin,  and  have  done  the  detail  of  the 
Ignacio  folio  which  lies  to  the  west  but  on  the  rim  of  the 
same  basin.  There  is  no  doubt  in  my  mind,  based  on 
reconnaissance  mapping  and  lithologic  similarity,  that 
the  beds  [above  the  unconformity]  are  Animas  *  *  ♦. 
The  heavy  conglomerate  beds  at  the  base  of  the  Animas 
are  in  the  form  of  a  lentil  which  thins  out  away  from  the 
Animas  Valley.  The  beds  above  this  consist  of  tan-colored 
and  greenish  shale  alternating  with  coarse-grained  tan- 
colored  sandstone  containing  grains  of  igneous  origin 
*  *  *.  The  beds  which  are  intruded  with  sills  along 
the  canyon  west  of  Dulce  and  crosscut  by  dikes  [the  upper 


461  feet  of  the  Dulce  section]  are  of  the  same  natiue  and 
apparently  connect  with  the  upper  beds  of  the  Animas, 
*    *    *    and  contain  remains  of  Triceratops. 

CABEZOV. 

Gardner '"  correlates  the  rock  formations  ex- 
posed near  Cabezon  directly  with  those  of  the 
Durango  section,  and  gives  them  the  same 
names,  viz,  Mancos,  Mesaverde,  Lewis,  and 
"Laramie."  His  correlation  was  based  on  the 
tracing  of  the  outcrops  aroimd  the  San  Juan 
Basin  from  their  type  locality  in  southwest 
Colorado.  They  are  described  as  more  or  less 
continuously  exposed  on  the  west  and  south 
sides  of  the  basin,  but  for  a  few  miles  to  the 
west  of  the  Nacimiento  Mountains  they  are 
covered  by  overlapping  Tertiary  rocks.  How- 
ever, in  spite  of  the  great  length  of  outcrop 
around  the  basin  to  the  west  and  the  area  of 
obscured  outcrops  on  the  east  side,  Gardner 
seems  to  have  felt  confident  that  the  formations 
near  Cabezon  are  to  be  correlated  directly 
with  those  of  the  Durango  section,  and  the 
writer  in  a  somewhat  rapid  reconnaissance  of 
this  region  saw  nothing  to  cause  him  to  question 
these  correlations.  The  lower  part  of  the 
Mesaverde  at  Cabezon  seems  to  be  equivalent 
in  age  to  the  Mesaverde  at  Monero  (Pis.  XXV, 
jB,  C,  p.  188),  but  it  may  not  be  out  of  place  to 
call  attention  to  the  fact  that  the  Mesaverde  at 
Monero  is  very  thin,  and  that,  according  to 
Gardner,"*  it  has  near  Cabezon  a  thickness  of 
more  than  1 ,300  feet.  On  the  other  hand,  the 
same  writer'"  shows  that  th6  Lewis  shale 
near  Cabezon  is  only  about  250  feet  thick,  and 
that  in  the  same  basin  farther  north  "*  it  is 
2,000  to  2,500  feet  thick.  Southwest  of  Gallina 
this  shale  was  found  to  change  in  thickness 
from  250  to  about  2,000  feet  in  30  miles."* 

Gardner  ***  also  described  a  sandstone  near 
the  top  of  the  Mancos  shale  in  the  vicinity  of 
Gallina  which  ho  suggests  may  be  the  attenu- 
ated edge  of  a  coal-bearing  member  of  the 
Mancos  on  the  southern  side  of  the  basin. 

The  differences  in  thickness  of  the  formations 
and  the  possibility  of  a  change  in  Uthologic 
character  suggest  that  some  of  the  upper  part 
of  the  Mesaverde  near  Cabezon  may  be  equiva- 
lent in  age  to  the  lower  part  of  the  Lewis  shale 
farther  north.**'  , 

Gardner  collected  fossils  in  the  vicinity  of 
Cabezon  from  both  the  Lewis  shale  and  the 
Mesaverde  formation.  They  are  among  the 
United  States  Geological  Survey  collections  and 
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have  been  identified  by  T.  W.  Stanton.  Two 
collections  were  obtained  from  the  Lewis  as 
follows: 

Invertebrates  collected  by  J.  H.  Gardner^  about  6  miles  sovih- 
west  of  Raton  Springs ,  N.  Hex.,  from  about  100  feet 
below  the  top  of  the  Leuns  shale. 

[U.  S.  Geol.  Survey  fossil  rocallty  4455.) 

Ostreasp. 

Cardluin  speciosum  Meek  and  Hayden. 

Legumen  sp. 

Liopistha  undata  Meek  and  Hayden. 

Lunatia  sp. 

Melania?  sp. 

Invertebrates  collected  from  the  Lewis  shale  by  J,  II.  Gardner, 
f  1  miles  smitheast  of  Cuba,  N,  Mex. 

[U.  8.  Oeol.  Survey  fossil  locaUty  4452.] 

Inoceramus  barabini  Morton. 

Baculites  compressus  Say. 

Placenticeras  intercalare  Meek  and  Hayden. 

The  Mesaverde  fossils  collected  by  Gardner 
near  Cuba  are  as  follows: 

« 

Invertebrates  collected  near  the  base  of  the  Mesaverde  formation, 
three-quarters  of  a  mile  north  of  Copper  City,  N,  Mex. 

[U.  S.  QeoL  Survey  fossUlocality  4453.] 

Nucula  sp. 
Cucullaea  sp. 
Arca£ip. 
Cardium  sp. 
Cyprimeria?  sp. 

Liopistha  undata  Meek  and  Hayden. 
Mactrasp. 
Gyrodes  sp. 
Pyrifusus?  sp. 
Yolutodenna  sp. 
Actaeon  sp.- 

Baculitee  anceps  var.  obtusus  Meek. 
Placenticeras  intercalare  Meek  and  Hayden. 
Placenticeras  sp. 
Helicoceras  sp. 

Scaphites  sp.  related  to  S.  larvaefonnis  Meek  and 
Hayden. 

While  in  the  field  the  present  writer  assumed 
that  the  Mesaverde  age  of  the  coal  measures 
near  Cabezon  was  established,  and  he  visited 
the  locality  to  collect  fossils  for  the  purpose  of 
correlating  the  Mesaverde  with  the  coal-bearing 
rocks  which,  in  the  fields  farther  east,  contain 
similar  fossils.  A  large  number  of  petrified 
logs  and  stumps  and  some  leaf  impressions 
were  found  in  the  lower  part  of  the  Mesaverde 
north  of  Cabezon,  but  most  of  these  were  too 
poorly  preserved  for  identification.  However, 
beautifully  preserved  leaves  were  found  in  a 
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thin  layer  of  fine-grained  sandstone  about 
feet  above  the  lowest  bed  of  coal,  about  5  b 
northwest  of  Cabezon,  in  a  steep  bluflF  h« 
mile  north  of  a  small  artificial  lake, 
species  collected  are  as  follows: 

Fossil  plants  collected  from  the  Mesaverde  formatioj 
N.  4S''  W.  from  Cabezon  ButU. 

[U.  S.  GeoL  Survey  fossil  locality  6038.] 

Ficns  speciofiissima  Ward. 
Ficus  praetrinervis  Knowlton. 
Ficus  wardii  Knowlton. 
Dryopteris  n.  sp. 
Diospjrros  sp. 
Myrica  sp. 
Eucalyptus  sp. 
Dombeyopsis?  sp. 
Undescribed  dicotyledons. 

Fragments  of  palm  leaves  were  found  5 
100  feet  above  the  bed  yielding  these  pla 
but  no  fragment  had  the  parts  necessary 
the  identification  of  species.  Still  higher  in 
formation,  at  the  east  end  of  Chacra  Ji 
(U.  S.  Geol.  Survey  fossil  locality  60 
several  conifers  of  Abietites  dubiv^  Lesquei 
were  found. 

Two  small  collections  of  shells  were  n 
from  the  Mancos  shale  near  Cabezon.  One 
lection  was  obtained  from  the  sandy  layei 
the  top  of  the  formation  in  the  transitional 
between  the  Mancos  and  the  basal  sands 
of  the  Mesaverde,  at  the  point  where  the  wi 
road  leading  northwestward  from  Cab 
crosses  the  top  of  the  Mancos  shale.  The; 
as  follows: 

Fossilsfrom  the  top  of  the  Mancos  shale,  northwest  of  Cal 
[U.  8.  Oeol.  Survey  fossil  locality  7194.] 

Ostrea  elegantula  Newberry? 

Anomia  sp. 

Pinna  sp. 

Cardium  sp. 

Cyprimeria  sp. 

Tellina  sp. 

Liopistha  undata  Meek  and  Ilayden? 

Mactra  sp.,  related  to  M.  formosa  Meek  and  Ha; 

Corbula  sp. 

Gyrodes  sp. 

Actaeon  sp. 

Placenticeras*sancarlosense  Hyatt? 

The  second  collection  was  obtained  from 
low  hill  back  of  Cabezon  at  a  horizon  se^ 
hundred  feet  below  the  top  of  the  Mancos  si 
The  rocks  containing  them  are  somewhat  sa 
and  this  fact  may  serve  j/O  explain  the  rei 
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blance  of  the  fauna  to  that  yielded  by  the  sand- 
stones of  the  Mesaverde.     The  fossils  follow: 

Fossil  shells  collected  at  Cahezoriy  N.  Mex. 
[U.  S.  Geol.  Survey  fossil  localities  7105  and  800a] 

Exogyra  sp. 

Anomla  sp. 

Avicula  linguifonnis  Evans  and  Shumard. 

Inoceramus  barabini  Morton? 

Mytilus  sp. 

Cucullaea  sp. 

Crassatellites?  sp. 

Cyprimeria  sp. 

Gyrodessp. 

Volutomorpha  sp. 

Volutoderma?  sp. 

Liopeplum  sp. 

Pyrifusus?  sp. 

Placenticeras  sancarlosense  Hjratt? 

Stantonoceras  pseudocostatum  Johnson? 

Lamna  sp. 

Ostrea  sp. 

Nemodon  sp. 

Tellina  sp. 

Pholadomya  sp. 

Lunatia  sp. 

Faaciolaria?  sp. 

Actaeon  sp. 

Baculites  anceps  var.  obtusus  Meek. 

CASA  SALAZA&. 

The  upper  part  of  the  Mancos  shale  forms  the 
surface  for  a  considerable  distance  south  of 
Cabezon,  the  Mesaverde  havuig  been  generally 
eroded  away.  However,  a  remnant  of  the 
Mesaverde  has  been  preserved  in  Cabezon  Butte 
(see  PI.  XXVI,  A)^  and  the  basal  sandstone 
was  observed  for  a  considerable  distance  to  the 
south  in  the  west  face  of  Prieta  Mesa  <see  PI. 
XXVII,  J5).  Thus,  the  Mancos  is  continuously 
exposed  between  the  San  Juan  Basin  and  the 
Rio  Puerco  field,  and  the  continuity  of  the 
Mesaverde  is  interrupted  by  only  three  short 
gaps. 

North  of  Cabezon  the  upper  part  of  the 
Mancos  is  a  shale  that  differs  little  from  the 
shale  of  the  lower  part,  but  southward  from 
Cabezon  the  upper  part  of  the  Mancos  becomes 
increasingly  more  sandy.  In  the  Rio  Puerco 
field  it  is  not  possible,  without  further  investi- 
tion,  to  draw  a  definite  Une  between  Mancos 
and  Mesaverde,  and  in  the  vicinity  of  Datil 
Mountains,  70  miles  farther  south,  the  Mancos 
is  more  or  less  sandy  throughout."'  This  is 
shown  graphically  m  figure  13. 

A  section  was  measured  and  fossils  collected 
by  T.  W.  Stanton  and  the  writer  in  1912  near 
Casa  Salazar,  N.  Mex.,  about  halfway  between 


Cabezon  and  the  Rio  Puerco  field.  The  in- 
formation thus  obtained  aids  materially  in 
showing  the  relations  of  the  formations  of  the 
San  Juan  Basin  to  those  of  the  Rio  Puerco  field. 
The  thicknesses  were  determined  bv  Locke 
level  and  checked  by  aneroid  barometer. 
The  lower  part  of  the  section  up  to  the  top  of  the 
Tres  Hermanos  sandstone  was  measured  about 
5  miles  south  of  Casa  Salazar,  at  the  locality 
shown  in  Plate  XXVII,  B.  A  mile  farther 
north  the  rocks  were  measured  between  this 
sandstone  and  the  Seaphites  zone  of  the  fol- 
lowing section.  This  Seaphites  zone  was  recog- 
nized at  Casa  Salazar,  and  the  part  of  the  sec- 
tion between  it  and  the  Punta  de  la  Mesa  sand- 
stone was  measured  at  the  locaUty  shown  in 
Plate  XXVI,  B.  The  part  above  this  sand- 
stone was  measured  about  a  mile  farther  north. 
The  combined  section  follows: 

Section  measured  in  the  eastern  face  of  Prieta  Mesa,  near  Casa 

Salazar,  N.  Mex. 

Mesaverde  formation: 

Sandstone,  yellow,  massive,  cliff  making,  con- 
taining (U.  S.  Geol.  Survey  locality  7999) 
Ostrea  sp.,  InoceramiLS  sp.,  Cyprimeria  sp., 
Gyrodes  sp.,  Pyrifxisus  sp.,  Pyropsis  sp., 
Volutomorpha  sp.,  Liopeplum  sp.,  Placen-  Feet. 
ticeras  sp 50-f 

(The  slope  above  this  sandstone  is  covered 
with  debris  from  the  sheet  of  igneous  rock 
that  caps  the  mesa.) 
Mancos  shale: 

Not  exposed 100 

Shale  and  friable  sandstone,  buff-colored,  con- 
taining, 450  feet  from  base  (U.  S.  Geol.  Sur- 
vey locality  7998),  Inoceramus  sp.,  Baculites 
sp.;  150  to  250  feet  from  base  (U.  S.  Geol. 
Survey  locality  7997),  Ostrea  congesta  Conrad, 
Inoceramus  sp.,  Seaphites  sp.,  related  to 
Seaphites  vermi/ormis  Meek  and  Ilayden;  100 
feet  from  base  (U.  S.  Geol.  Survey  locality 
7996;,  Inoceramus  sp.,  Baculites  sp.;  50  feet 
from  base  (U.  S.  Geol.  Survey  locality  7995), 

Ostrea  soleniscus  Meek,  Inoceramus  sp 750 

Sandstone,  massive  (Punta  de  la  Mesa  member).     50 
Shale,  sandy  at  the  top,  containing  (U.  S.  Geol. 

Survey  locality  7994)  Prionotropis  sp 350 

(The  talus  from  this  sandstone  about  3 
miles  farther  south  yielded  (U.  S.  Geol.  Sur- 
vey locality  7986)  Inoceramus  sp.,  related  to 
Inoceramus  erectus  Meek,  Inoceramus  labiatus 
Schlotheim?,  Mactra  arenaria  Meek,  and 
Gyrodes  sp.) 
Sandstone,  fissile,  and  sandy  limestone  {Sea- 
phites zone)  containing  (U.  S.  Geol.  Survey 
locality  7993)  Ostrea  lu^gubris  Conrad,  Inocer- 
amus dimidus  White,  Prionocyelus  sp., 
Seaphites  warreni  Meek  and  Hayden 10-f 
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A.    CABE20N    BUTTE,   A    LARGE    VOLCANIC    PLUG,    FROM   CABEZON,    N.    MEX. 

Showing  the  upper  sandy  part  of  the  Mancos  shale  (a)  and  the  basal  sandstone  of  the  Mesaverde  formatioi 


B.    VOLCANIC    PLUQ    ABOUT    A    MILE    WEST    OF    CASA    SALAZAR,    N.    MEX. 


V.   VOLCANIC    PLUG    NORTH    OF    CASA    SALAZAR,    N.    MEX. 

Showins  the  dark  shale  of  the  lower  part  of  the  Mancos  (d),  the  Punla  de  la  Mesa  sandstone  member  (c),  tl 

sandy  portion  of  the  Mancos  shale  (e),  and  the  top  of  the  plu([  (F). 
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A.    PUNTA    DE    LA    MESA,    NEAR    SAN    YGNACIO,    N.    MEX. 
Type  locality  of  the  Punta  da  la  Mesa  sandGtone  member  of  the  Mancos  shale. 


R    WEST   SLOPE  OF   PRIETA   MESA,   ABOUT   B   MILES   SOUTH   OF   CASA   8ALAZAR,  N.   MEX. 

Showins  light-colored  sandstone  supposed  to  be  of  Morrison  sge  (a);  the  Mar\ca$  shale,  including  at  its  base 
the  gastropod  zone  (b)  and-the  Tres  Hermanos  sandstone  member  (c);  and  the  basal  sandstone  of  the  Mesa- 
verde  formation  (d)  in  distance,  under  capping  of  igneous  rock  near  top  of  mesa. 


a    VALLEV   OF   RIO   PUERCO   NORTH   OF  SAN    FRANCISCO, 

ipposed  to  belong  in  tho  MMxiton  formation  (a),  end  the  lowwpanoi 
dins  the  gutropod  zone  (b)  and  Tree  HemuriM  Hndstone  member  (c). 


COBBELATION   OF  FORMATIONS  WITH   THOSE   OF   OTHER  REGIONS. 


Mancos  shale — Continued.  Feet. 

Sandstone  and  shale  in  thin  layers 60 

Shale,  with  concretions  of  limestone  in  upper 
half  (cephalopod  zone),  containing  (U.  S. 
Geol.  Survey  locality  7992)  Pinna  sp.,  Tur- 
rUellaBp.y  Metoicoceras  sp,,  Coilopoceras  col- 

UttiUytktt 275 

Shale,  dark 65 

Shale  with  thin  layers  of  limestone,  contain- 
ing (U.  S.  Geol.  Survey  locality  7991) 
Gryphaea    newberryi   Stanton,    Inoceramus 

labiaius  Schlotheim 20 

Shale,  dark 90 

Limestone,  granular,  irregularly  bedded 1  ± 

Shale,  dark , 70 

Sandstone,  yellow,  massive  (upper  plate  of 
Tres  Hermanos  sandstone),  containing  (U. 
S.  Geol.  Sur\ey  locality  7989)  Gryphaea 
newberryi  Stanton,  Exogyra  sp.,  Pinna  pet- 
rina  White?,  Cardium  trite  Wliite,  Anchura 
sp.,  Pyroptis  sp.  (U.  S.  Geol.  Survey  locality 

7990),  Avicula  gastrodes  Meek 66 

Shale,  dark 48 

Sandstone,  yellow,  coarse  grained  (lower  plate  " 
of  Tres  Hermanos  sandstone),  containing 
(U.  S.  Geol.  Survey  locality  7988)  Exogyra 
eolumbella  Meek,  Avicula  sp.,  Pinria  petrina 
White,  /«ocarrfia  sp.,  Cyprimeriaap.j  Tellina 
sp.,  Liopistha  (Psilomya)  sp.,  Turntella  sp.  37 
Shale,  light  yellow  and  sandy  above,  contain- 
ing (U.  S.  Geol.  Surv'ey  locality  7987)  Exo- 
gyra colurnbella^tioek  \Lima  sp. ,  Camptonectes 
symmetricus  Herrick  and  Johnson,  hocardia 
Bp.jGyrodesfap.j  Turritellaap.jATuhurafusi- 
formis  White  (not  Meek);  and  dark  below. .        55 

2,047 
Dakota  sandstone:  === 

Sandstone,  conglomeratic,  weathers  dark  and 

irregular 4 

Shale,  sandy,  dark 2 

Sandstone,  friable,  light  colored 20 

26 
Morrison  formation: 

Shale  and  sandstone,  variegated.  === 

2,123 

According  to  Stanton,  all  these  fossils  be- 
long to  the  Colorado  fauna  except  those  from 
the  upper  sandstone,  of  which  he  says  '^This  is 
a  post-Colorado  fauna  of  southern  facies  more 
nearly  related  to  the  faima  of  Texas  and  the 
Gulf  coastal  region  than  to  the  more  northern 
Pierre  and  Mesaverde  faimas." 

RIO  PTTEKCO  FIELD. 

Aside  from  bifSef  references,  in  the  accounts 
of  early  explorations,  to  the  occurrence  of  coal, 
the  first  geologic  information  of  the  Rio  Puerco 
coal  field  was  given  by  Herrick  and  Johnson."* 
The  zones  described  by  them,  and  the  fossils 


contained  in  each  zone  are  named  in  the  i 
of  the  annotated  hst  of  pubUcations  "•  on  j 
17-37.  These  zones  were  foxmd  convej 
for  use  by  the  present  writer  and  are  here 
in  a  quotational  manner. 

The  Cretaceous  rocks  of  this  field  dip  to 
the  east,  the  degree  varying  greatly  from  ] 
to  place,  and  disappear  under  a  cover  of 
tiary  and  Quaternary  rocks  in  the  valley  o 
Rio  Grande.  A  section  showing  the  : 
features  of  the  sedimentary  rocks  from 
Morrison  formation  to  the  Punta  de  la  '. 
sandstone  was  measured  near  San  Franc 
The  line  along  which  the  measurements 
made  extends  southward  across  the  g< 
dipping  strata  from  the  Rio  Puerco,  nortt 
of  San  Francisco,  to  Pimta  de  la  Mesa. 

No  place  was  found  in  the  Rio  Puerco 
where  a  complete  detailed  section  of  the  i 
above  this  sandstone  could  be  measured, 
beds  are  well  exposed  in  only  a  few  places 
where  exposed  some  of  them  are  so  warped 
it  is  difficult  to  trace  individual  beds  for 
considerable  distance  and  others  are  faults 
that  certain  beds  are  duphcated.  Also,  soi 
the  upper  part  of  the  formation  was  remove 
erosion  previous  to  the  deposition  of  the  < 
lying  Tertiary  sediments.  A  generalized 
tion  was  measured  and  many  fossils  were 
lected  east  of  the  Rio  Puerco  about  3  ] 
north  of  San  Ygnacio;  and  a  section  ol 
upper  part  of  the  coal-bearing  rocks 
measured  in  detail  about  a  mile  farther  n 
by  L.  C.  Chapman,  who  was  assisting 
writer  in  the  field.  Where  the  part  of  the 
tion  north  of  San  Ygnacio  was  measured  f 
ing  has  rendered  doubtful  the  relation  oi 
Mesaverde  to  the  Tertiary.  But  near 
northern  end  of  the  Rio  Puerco  field  ar 
posure  was  foxmd  of  rocks  that  appeared  1 
xmdisturbed  by  faulting,  where  the  basal 
glomerate  of  the  Tertiary  with  pebbk 
quartzite,  some  of  them  6  inches  in  diam 
rests  upon  the  Mesaverde.  The  following 
tion  is  the  result  of  the  observations  i 
north  of  San  Ygnacio: 

Section  of  rocks  measured  near  San  YgnadOy  N.  I 

Tertiary: 

Sandstone,  locally  conglomeratic,  and  shale; 
poorly  consolidated,  varicolored,  with 
reds  predominating  below  and  milder 
shades  above.    (Many  hundreds  of  feet.) 

Unconformity. 
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Meeaverde  formation: 

Shale  with  thin  beds  of  coal ;  absent  in  some       Ft.    in. 

places lOdb 

Sandstone,  massive,  yellow,  calcareous,  and 
shaly  in  places;  contains  (U.  S.  Geol.  Sur- 
vey fossil  locality  7189)  Ostrea  sp.,  Anomia 
sp.,  /noceramtcjsp.  (thick  shelled),  Cucul- 
laea  sp.,  Cardium  sp.  (large  form),  Car- 
(fium  sp.  (slender  form),  Te/Ztnasp.,  Cyp- 
rimeria  sp.,  Liopiatha  urukUa  Meek  and 
Hayden?,  Corbula  sp.,  Mactra  sp.  related 
to  M.formosa  Meek  and  Hayden,  Mactra 
sp.  (large  form),  Dentalium  sp.,  Gyrodts 
sp.,  Physaf  sp.,  VoliUonwrpha  novimexica- 
na  Herrick  and  Johnson,  Pyropsis  sp., 
Aetaeonf  sp.,  Scaphites  sp.  related  to  S, 
nodosuB  Owen,  Placenticeras  9ancaTlo9- 
ense  Hyatt?,  Placenticeras  planum  Hy- 
att?       300db 

Shale,  sandy,  containing  (U.  S.  Geol. 
Survey  fossil  locality  6034)  Brachypkyl- 
lum  macrocarpum  Newberry,  Ficus 
praetrinervia  Knowlton,  Ficus  sp.,  Salizf 

sp.  (large  leaf) 9      0 

Shale,  carbonaceous 11      0 

Coal 1      1 

Shale,  carbonaceous 7      0 

Sandstone 8      0 

Shale,  carbonaceous 2      6 

Coal 7 

Shale,  carbonaceous 3      6 

Sandstone 3      0 

Coal 1 

Shale,  carbonaceous 7      0 

Coal 6 

Shale,  carbonaceous 10      0 

Coal 2 

Shale,  carbonaceous 2      6 

Sandstone 1      0 

Shale 6      0 

Coal 5 

Shale,  carbonaceous 3      6 

Coal 2 

Shale,  sandy 2      6 

Coal 1      0 

Shale,  sandy 6 

Shale 2      6 

Coal 1      1 

Shale,  carbonaceous 9      0 

Shale 1      6 

Coal 5 

Shale,  carbonaceous 5      0 

Coal 5 

Shale,  carbonaceous ,         2      0 

Coal 3 

Shale,  carbonaceous 3      0 

Sandstone,  coarse  grained 2      0 

Shale,  carbonaceous 3      0 

Coal 1  2 

Shale,  carbonaceous 15  0 

Coal 5 

Shale,  carbonaceous 4  0 

Coal 1  9 

Shale,  sandy,  carbonaceous 8  0 

Shale,  sandy 1  0 


Meeaverde  formation — Continued.  Ft.    in. 

Shale,  carbonaceous 2      6 

Sandstone,  coarse-grained,  gray 3      0 

Shale,  carbonaceous,  chocolate  colored 5      0 

Coal 2 

Shale,  carbonaceous,  chocolate-colored 1      6 

Sandstone,  coarse  grained,  massive,  gray. .  30  0 
Shale,  with  layers  and  lenses  of  yellow 
Bandstone  and  earthy  limestone,  contain- 
ing (U.  S.  Geol.  Survey  fossil  locality 
7190)  UafymenUes  major  Lesquereux, 
Ostrea  eongesta  Conrad,   Inoceramua  sp., 

'  LithophagtUBp.,  Lamnaep 400± 

Sandstone,  coarse  grained,  yellow  to  gray, 
contains  (U.S.  Geol.  Survey  fossil  locality 
6035)  the  following  fossil  leaves:  Qtiercus 
sp.  serrate  new,  Ficus  praetrinervis  • 
Knowlton,  Ficus  eucalyptifolia  Knowlton, 
Dryophyllum  falcatum  Ward  (occurs  at 
Point  of  Rocks),  Dalbergia  n.  sp.  (same  as 
Hagan  6030),  Salix  stantoni  f  Knowlton 
(same  as  from  Coalville,  Utah),  Salix  sp. 
a,  Viburnum f  problematicum  Knowlton..  25 ± 
Shale,  containing  one  bed  of  coal  6  feet 

thick  and  several  thin  beds lOOi 

Sandstone  with  layers  of  shale  and  lenses 
of  impure  limestone,  fossiliferous,  but  no 

collections  made 172      0 

Sandstone,  massive,  gray,  with  lenses  of 
impure  limestone  near  the  top;  contain- 
ing (U.  S.  Geol.  Survey  fossil  locality 
7188)  Ostrea  sp.,  Inoceramus  sp.  (very 
thick  shelled  form),  Cucullaea  sp.,  Car- 
dium sp.,  Tellina  sp.,  Liopistha  undata 
Meek  and  Hayden,  Mactra  sp.  related 
to  M.formosa  Meek  and  Hayden,  Mactra 
sp.  large  form,  Volutomorpha  novimexi- 
cana  Herrrck  and  Johnson,  Baculites  sp., 
Placenticeras  planum  KysLtt,  Lamna  sp . .       110      0 

Shale,  carbonaceous,  chocolate-colored 27      0 

Mancoe  shale  (?): 

Sandstone,  yellow,  and  shale  in  alternating 

layers 297-850      0 

Sandstone,  massive,  yellow  (Punta  de  la 
Mesa  member),  containing  (U.  S.  Geol. 
Survey  fossil  localities  3514  and  3519) 
Inoceramus  deformia  Meek?,  Inoceramus 
eredus  Meek?,  Avicula  sp.,  Mactra  sp., 
Cardium  Bp.,  Anisomyonfep.y  Cyprimeriaf 

sp 77      0 

Shale,  sandy  at  top 240i: 

Limestone,  shaly,  containing  (U.  S.  Geol. 
Survey  fassil  locality  3515)  Exogyra 
columbella  Meek,  Pecten  sp..  Pinna 
petrina  Wliite,    Isocardia  sp.,   Liopistha 

(Psilomya)  sp.,  Anchura  sp 10± 

Shale 50     0 

Shale  with  limestone  concretions  (cephalo- 
pod  zone)  containing  (U.  S.  Gec€.  Survey 
fossil  locality  3520)  Pinna  petrina  White?, 
Pecten  sp.,  Trigonarca  sp.,  Isocardia  sp., 
Veniellaf  Bp.j  Cardium  Bp.,  Turritella sp., 
Rostellites  sp.,  undetermined  gastropods, 
Metoicoceras  sp.  related  to  M.  sv/aUowi 
(Shumard),  Metoicoceras  ep 10± 
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Mancoe  shale  (?) — Continued.  Ft.    In, 

Shale.  In  the  lower  part  (U.  S.  Geol.  Sur- 
vey fossil  locality  7191)  were  found  Ostrea 
gp.,  Avicula  gastrodes  Meek,  Pinna  petrina 
White,  Veniella  sp.,  Pholadomya  sp., 
Turnlella  sp.  related  to  T.  whitei  Stanton, 
Metoicoderas  ap 600d: 

Sandstone,  shaly,  with  impure  limestone  in 
lenses  and  concretions.  (This  sandstone 
and  the  limestone  concretions  above  and 
below  it  seem  to  constitute  the  concre- 
tion (Septaria)  zone  of  Herrick  and 
Johnson.)  It  contains  (U.  S.  Geol.  Sur- 
vey fossil  localities  7192  and  3513) 
Ostrea  sp.,  Exogyra  columbella  Meek, 
Anomia  sp.,  Avicula  gastrodes  Meek, 
Cardium  sp.,  Legumen  sp.,  Pecten  sp.,. 
Pinna  petrina  WTiite,  hocardia  sp., 
Liopiatha  (Psilomya)  sp.,  Anchura  sp., 
Prionotropis  sp. ,  Acanthocerasf  sp 50+ 

Shalo  alternating  with  layers  of  yellow 
sandstone 78      0 

Shale,  carbonaceous,  dark;  has  general 
aspect  of  the  shale  associated  with  the 
coal  beds  of  the  Mesaverde  in  this  field . .  2      0 

Sandstone,  coarse  grained  above,  shaly 
below,  weathers  to  irregular,  rounded 
masses;  contains  Halymenites  similar  to 
H.  major  Lesquereux,  worm  borings,  and 
a  variety  of  indefinite  markings 25      0 

Shale,  dark  (gastropod  zone),  containing 
(U.  S.  Geol.  Survey  fossil  localities  7205, 
3517,  and  3518)  Ostrea  sp.,  Exogyra 
columbella  Meek,  Camptonectes  sym- 
metrica Herrick  and  Johnson,  Plicalxda 
sp.,  Gervilliopsisf  sp.,  Pinna  petrina 
White,  Pinna  sp.,  Liopistha  (Psilomya) 
sp.,  Area  sp.,  Trigonarca  sp.,  Cardium 
sp.,  Ludna  sp.,  Turritella  sp.,  Anchura 
fv^formis  White  (not  Meek),  Anchura  sp., 
dnuliaf  Bp.y  Serpula  sp 35      0 

Sandstone,  soft,  friable,  contains  small 
pebbles  principally  of  quartz  and  chert . .  5      0 

Sandstone,  yellow 8      0 

Dakota  sandstone  (?)  and  Morrison  formation: 

Sandstone,  conglomeratic,  absent  in  some 
places 20db 

Sandstone,  gray  to  pink;  varies  greatly  from 
pla(?e  to  place  in  thickness,  composition, 
and  color.  This  sandstone  may  be  Da- 
kota, but  its  color  and  variable  character 
are  suggestive  of  Morrison 100 

Sandstone  and  shale,  variegated  (Morrison). 

No  definite  line  of  separation  between  the 
Mancos  and  Mesaverde  has  been  drawn  in  this 
field.  The  rocks  between  the  27-foot  shale  of 
this  section  and  the  Punta  de  la  Mesa  sand- 
stone consist  of  sandstone  and  sandy  shale  and 
doubtless  have  about  the  same  thickness  as 
that  shown  in  the  Casa  Salazar  section  (850 
feet),  although  the  measurement  made  in  the 


unfavorable  circumstance  prese 
Puerco  field  indicated  only  291 
the  southern  end  of  Prieta  Mesj 
northeast  of  San  Francisco,  tl 
7981  (p.  198)  were  collected  fror 
of  this  sandy  portion  of  the  Ma 
a  sandstone  which  may  be  tl 
Mesa.  Concerning  the  age  rel 
fossils  Stanton  says:  "This  lo 
long  to  the  Colorado  fauna,  t] 
the  forms  suggest  a  somewhat  1 
Two  collections  of  fossils  wo: 
writer  east  of  the  Rio  Puorco 
north  of  San  Francisco.  The 
zone  of  limestone  concretions 
occupy  a  horizon  about  50  feei 
of  the  Tres  Hermanos  sands 
the  fossils  indicate  a  higher  ho 
lowing  species  were  collected  fr 

Fossil  shells  collected  east  of  the  Rio  Pi 
north  of  San  Frandsco.  N 

[U.  S.  Q«oI.  Survey  fossiUocalil 

Ostrea  sp. 

Pinna  petrina  White. 
Cardium  sp. 
Lunatia  sp. 
Turritella  sp. 
Prionotropis  sp. 
Metoicoceras  sp. 
Coilopoceras  ooUeti  Hyatt. 

The  second  collection  is  fro 
about  half  a  mile  east  of  the  firs 
to  be  stratigraphically  higher  b 
The  strata  here  dip  very  sUgh 
and  the  rocks  are  covered  wi 
places.    The  shells  collected  ar 

Shells  collected  east  cfthe  Rio  Puerco ^  ah 

San  Francisco,  N.  M 

[U.  S.  Geol.  Survey  fossil  localit 

Ostrea  lugubris  Conrad. 

Anomia  sp. 

Inoceramns  fra^ilis  Hall  and  I 

Anchura  sp. 

Anisomyon?  sp. 

BaouUtes  gracilis  Shumard? 

Prionocyclus  wyomingensis  M 

Scaphites  warreni  Meek  and  E 

Ptychodus  sp. 

These  shells  indicate  hori 
cephalopod  zone,  but  their  ap 
as  observed  in  the  field  is  n( 
the  Mancos.  This  may  be  d 
though  Uttle  indication  of  it  ' 
these  localities. 
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During  the  summor  of  1912  the  writer,  iii 
company  with  1*.  W.  Stanton,  revisited  this  re- 
gion and  collected  fossils  from  places  a  few 
miles  north  of  those  just  described.  They  are 
reported  by  Stanton  as  follows : 

Fossils  collected  about  5  miles  east  of  Rio  Puerco  on  road  from 
Albuquerque  to  Casa  Salmar,  N.  Mex.,  in  shale  underlying 
Punta  de  la  Mesa  sandstone  (f). 

[U.  S.  Qeol.  Survey  locality  7980.} 

Inoceramiis  ep. 
Niicula  sp. 
Cardium  sp. 
Corbula  sp. 
Gyrodessp. 
Anchura  sp. 
Baculltes  sp. 
Prionotropis  sp. 

Fossils  collected  from  Punta  de  la  Mesa  (f)  sandstone, 
[U.  S.  G«ol.  Survey  locality  7981  (same  as  7980).] 

Ostrea  solenisous  Meek. 

Ostrea  sannionenis  White? 

Ostrea  sp. 

Inoceramiis  sp.  related  to  I.  erect  us  Meek. 

Nucula  sp. 

Astarte?  sp. 

Cardium  sp. 

Tellina  modesta  Meek. 

Solemya  sp. 

Mactra  arenaria  Meek. 

Mactra  sp. 

Corbula  sp. 

Anchura  sp. 

Anisomyon  sp. 

GvTodes  sp. 

Baoulites  sp. 

Scaphites  warreni  Meek  and  Hayden? 

Fossils  collected  about  2  mile^  east  of  Rio  Puerco  on  road  from 
Albuqiurqiue  to  Cana  Salazar,  N.  Mex.y  in  bank  of  arroyo 
below  ranch. 

[U.  8.  Geol.  Survey  locality  7982.] 

Gryphaea  sp. 

Exojryra  sp. 

Cardium  trite  Wliite? 

Inoceramus  sp.  related  to  I.  fn^rili8  Hall  and  Meek. 

Anchura  sp. 

Fossils  collected  in  arroyo  south  of  road  from  Albuquerque  to 
Casa  Salazar,  N.  Mex.y  about  2\  miles  east  of  west  boundary 
of  Albuquerque  quadrawjle,  apparently  only  about  50  feet 
above  Tres  Ilermanos  sandstone. 

[U.  S.  Geol.  Survey  locality  7983.] 

Ostrea  lugubris  Conrad? 

Pholadomyasp. 

Turritella  sp. 

Volutoderma  sp. 

Acanthoceras  sp. 

Placenticeras  sp. 

Metoicoceras  puercense  ( ITerrick  and  Johnson). 

Motoicoceras  sp.  | 


Fossils  collected  from  same  locality  as  7983  in  shale  100  feet 
thick  overlying  ^^cephalopod  zone.** 

[U.  S.  Oeol.  Survey  locality  TWL] 

Ostrea  lugubris  Conrad. 
Inoceramus  dimidius  White. 
Astarte?  sp. 
Anchura  sp. 
Anisomyon?  sp. 
Baculites  gracilis  Shumard? 
Scaphites  warreni  Meek  and  Hayden. 
Prionocyclus  wyomingensis  Meek. 

Fossils  collected  from  same  locality  as  798S  but  lower  in 
section  from  50  feet  of  shale  overlying  Tres  Hermanos 
sandstone. 

[U.  S.  Gcd.  Survey  fossil  locality  7985.] 

Exogyra  sp. 
Plicatula  sp. 
Lunatia  sp. 
Prionotropis?  sp. 

More  detailed  investigation  of  the  Mancos 
from  Rio  Puerco  westward  is  necessary  before 
its  subdivisions  and  their  relations  to  each  other 
and  to  neighboring  formations  can  be  properly 
understood.  The  rocks  dip  at  low  angles  and 
broad  grassy  valleys  occur  at  the  outcrops  of 
the  shale.  The  rocks  are  faulted  and  warped 
in  some  parts  of  this  field,  and  in  these  broad 
valleys  it  is  difficult  to  find  a  place  where  there 
is  no  liability  of  error  in  measming  the  shale. 

TIJERAS  FIELD. 

The  Tijeras  coal  field  is  in  central  New  Mex- 
ico, about  14  miles  south  of  Hagan  and  20 
miles  east  of  Albuquerque,  on  the  eastern  slope 
of  the  Sandia  Moimtains.  The  coal-bearing 
rocks  occupy  the  center  of  a  syncUne  of  irregu- 
lar outline  about  5  miles  long  and  2  miles  wide 
(see  fig.  14),  which  is  bounded  on  the  west  by 
the  Sandia  upUf  t,  on  the  northeast  by  the  South 
Moimtain  uplift,  and  on  the  southeast  by  a 
broad  but  less  well  defined  upUft  due  to  a  fault 
that  (in  the  area  mapped)  brings  the  Carbon- 
iferous red  beds  in  contact  with  the  Mancos 
shale.  The  coal-bearing  rocks  are  much  dis- 
turbed by  faulting,  warping,  and  crusliing,  but 
in  general  dip  from  all  directions  toward  the 
center  of  the  syncline.  Along  the  western 
margin  of  the  field  the  strata  are  upturned  to 
nearly  vertical.  The  part  of  the  section  below 
the  coal  beds  was  measiured  across  the  edges 
of  these  uptimied  beds  at  San  Antonio,  for  al- 
though these  rocks  lie  more  or  less  horizontal 
in  the  central  part  of  the  syncline,  they  are 
there  warped,  faulted,  and  crxished  to  such  an 
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extent  that  any  measurement  is  likely  to  be 
deceptive.  The  part  of  the  section  above  the 
Mancos  shale  was  measured  in  a  canyon  at 
Holmes  mine  near  the  center  of  the  syncline, 
where  these  rocks  seem  to  be  disturbed  less 
than  they  are  in  some  other  places.  Neverthe- 
less, the  section  is  given  here  with  some  hesi- 
tancy, because  the  measured  thickness  may 
prove  to  be  very  different  from  the  thickness 
of  the  beds  as  originally  laid  down. 

Section  of  rocks  measured  in  the  Tijeras  coal  fields  N.  Mex. 

Mesaverde  formatioiif   including  poeedbly 
younger  beds: 

Sandstone,  coarse  grained  (not  contin-        Ft.      in. 
uously  exposed ;  thickness  estimated)      400  ± 

Sandstone,  gray,  coarse  grained,  fria- 
•ble,    contains   Laurusf   sp.    (U.    S. 
Geol.  Survey  fossil  locality  6033). . .        15         0 
Coal 1         6 

Not  exposed 25 

Coal 3± 

Not  exposed ? 

Sandstone,  coarse  grained,  hard,  cliff 

-    making  (thickness  estimated) 50         0 

(Abrupt  change  in  lithology.) 

Shale  and  yellow  sandstone.  The  shale 
predominates  in  the  lower  part  and 

*  the  sandstone  above;  contains  (U.  S. 
Geol.  Survey  fossil  locality  7187)  Os- 
trea  sp.,  Inoceramus  barabini  Mor- 
ton?, Oueullaea  sp.,  Cyprimeria  sp., 
Legumenf  sp.,  Gyrodes  sp.,  Volvtio- 
jnorpha  ruyinmexicana  Herrick  and 
Johnson?,  Fususf  sp.,  Odontofususf 
sp 390 

Shale,  with  many  thin  layers  of  yellow 
flagjry  sandstone 50 

Sandstone,  massive;  contains  (U.  S. 
Geol.  Survey  fossil  localities  7182 
and  7185)  Ostrea  sp.,  Inoceramus 
sp.,  CSiAMllaea  sp.,  Cyprim,eria  sp., 
VohUo7norp?ia  sp.,  Pyropsis  sp.,  Pla- 
centiceras  planum  Hyatt,  Plojcenti- 
ceras  sancarlosevse  Hyatt,  Baculites 
sp.,  Sphenodiscus  sp.,  Lamnaf  sp.  55db 
Coal  witli  a  thin  layer  of  shale  con- 
taining Ficus  sp.  above  it 1± 

Shale 15         0 

Coal 0-2db 

Shale,  not  continuously  exposed 15         0 

Sandstone,  massive;  contains  (U.  S. 
Geol.  Survey  fossil  locality  7184)  Os- 
trea sp.,  Cucullaea  sp.,  Oueullaea f 
sp.,  Cardium  sp.,  Cyprimeria  sp., 
Mactra  sp.,  Gyrodes  sp.,  Volutomor' 
pha  nouimexicana  Herrick  and  John- 
eon,  Placenticcras  sancarlosense  Hyatt .        30  0 

Shale,  with  Myrica  tomyif  and  other 
plants  (U.  S.  Geol.  Survey  fossil  lo- 
cality 6031) ' 10         0 

Coal 1         8 


Mesaverde  formation,  including  possibly 
younger  beds — Continued. 
Shale  and  sandstone,  with  tliin  layers 
of  coal;  contains  (IT.  S.  Geol.  Survey 
fossil  locality  7183)  Cucullaea  sp.  and       Ft. 

Cardium  sp 20 

Coal 

Sandstone,  massive,  cliff  making;  con- 
tains (U.  S.  Geol.  Survey  fossil  lo- 
cality 7186)  Cardium  sp.,   Callistaf 

sp.,  VoliUom>orpha  sp 115 

Mancos  shale: 

Shale,  dark,  sandy  at  top 1, 345 

Sandstone  (Tres  Hermanos  member), 
hard,  quartzose;  contains  worm  bor- 
ings and  indefinite  markings  of  vari- 
ous kinds 145 

Shale^  dark,  with  limestone  concre- 
tions (gastropod  zone) 60 

Dakota  sandstone 65 

Morrison  formation: 

Sandstone  and  shale,  variegated.  

2, 812 

The  rocks  of  the  Morrison  formation  arc 
well  exposed,  but  where  seen  near  San  Ani 
they  do  not  differ  in  character  from  thos 
ferred  to  the  Morrison  at  other  localiti< 
central  New  Mexico.  They  rest  on  gypsifc 
red  beds. 

The  Dakota  sandstone  is  hard  and  quart 
and,  together  with  the  Tres  Hermanos  s 
stone,  forms  a  prominent  double  ridge  £ 
the  west  side  of  the  field,  where  the  rock 
upturned  and  stand  nearly  vertical.  The 
shale  of  the  gastropod  zone  is  present  at 
locaUty,  but  it  is  thinner  here  thhn  it  is  fa] 
north  in  the  Hagan  and  Cerrillos  coal  fi 
Limestone  concretions  in  this  shale,  which 
tain  numerous  fossils  on  the  Rio  Puerco 
elsewhere,  were  observed  at  San  Antonio, 
no  fossils  were  collected  from  them. 

A  sandstone  145  feet  thick  occurs  abov< 
the  shale  containing  the  gastropod  zone, 
fossils  were  found  in  it,  but  it  is  stratigri 
cally  and  lithologically  the  same  as  the 
Hermanos  sandstone  of  the  other  fields 
scribed  in  this  paper. 

The  principal  mass  of  the  Mancos  she 
thinner  in  the  Tijeras  field  than  it  is  ir 
Hagan  and  Cerrillos  fields,  but  this  may  b( 
in  part  to  mechanical  thinning  which  may 
taken  place  during  the  disturbance  whicl 
turned  the  rocks.  On  the  other  hand,  the 
may  have  originally  thinned  toward  the  s 
as  it  does  toward  the  west,  but  the  distan 
10  miles  between  the  fields  is  scarcely  en 
to  render  this  hypothesis  tenable. 
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No  fossilif erous  lenses  of  yellow  sandstone  lie 
below  the  coal  beds  in  the  Tijeras  field  as  they 
do  in  the  Hagan  field.  It  has  not  been  deter- 
mined whether  this  absence  is  to  be  explained 
on  the  assumption  that  the  top  of  the  Mancos 
shale  of  the  Tijeras  field  is  equivalent  to  the 
sandstone  lenses  of  the  Hagan  fiehl,  or  whether 


the  coal-bearing  rocks  of  the  Tijeras  field  are 
equivalent  in  age  to  the  lenses  of  the  Hf^an 
field  and  therefore  older  than  the  Plagan  coals. 
In  many  places  in  the  Tijeras  field  the  basal 
sandstone  of  the  Mesaverde  contains  marine 
shells  of  species  identical  with  those  found  in 
the  sandstone  below  the  coal  in  the  Hagan 
field.  Coal  lies  immedi- 
ately above  this  sandstone, 
and  associated  with  it  are 
fossil  leaves,  but  only  a  few 
poorly  preserved  specimens 
were  found.  The  Mesa- 
verde of  the  Tijeras  field 
is  essentially  a  marine  for- 
mation and  yielded  shells 
at  several  horizons,  as  in- 
dicated in  the  section. 

A  zone  of  shale  and 
sandstone  above  the  prin- 
cipal coal  beds  contains 
marine  fossils  and  may  be 
the  equivalent  of  the  Lewis 
shale  of  the  southern  part 
of  the  San  Juan  Basin  de- 
scribed by  Gardner.***  It 
is  somewhat  thicker  than 
the  Lewis  in  the  southeast- 
em  part  of  this  basin,  the 
locahty  at  which  the  Lewis 
is  knowB  to  occur  nearest 
to  the  Tijeras  field.  The 
fossils  named  in  the  section 
indicate  clearly  the  marine 
character  of  these  beds, 
and  if  the  Tijeras  section 
were  compared  only  with 
the  sections  measured  in 
the  Hagan  and  CprriDos 
fields  to  the  north  it  would 
■  seem  proper  to  corrolatc  the 
coal-bearing  rocks  with  the 
coal  measures  of  the  Hagan 
and  Cerrillos  sections  and 
refer  the  marine  beds  above 
them  to  a  higher  horizon, 
not  now  represented  in  the 
Hagan  and  Cerrillos  fields. 
On  the  other  hand,  if  the 
Tijeras  section  he  com- 
pared with  that  of  the  Rio 

andseclionsoUheTIJensFCHJBeJd.N.Uei.  Puerco  field  the  rocks  COn- 
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taining  these  marine  shells  appear  to  represent 
one  of  the  marine  horizons  in  the  Mesaverde  in 
that  field.  The  fossil  shells  seem  to  favor  the 
latter  correlation,  for  they  are  not  character- 
istic Lewis  species.  They  do  not  diflFer  mate- 
rially from  those  found  at  several  horizons 
within  the  Mesaverde,  and  because  of  this  fact 
these  rocks  are  included  in  th'e  Mesaverde. 

These  marine  beds  are  overlain  by  a  coarse- 
grained hard,  chflF-making  sandstone,  which 
differs  in  character  and  appearance  from  the 
sandstone  below  to  such  an  extent  that  it  sug- 
gests the  beginning  of  a  new  formation.  This 
in  turn  is  overlain  by  coal-bearing  sandstone 
and  shale.  If  the  underlying  beds  containing 
the  fossils  of  marine  origin  prove  to  be  Lewis 
the  higher  beds  may  prove  to  be  equivalent  to 
the  "Laramie"  of  the  San  Juan  Basin.  No 
fossils  except  a  few  poorly  preserved  leaves 
were  found  in  them,  and  these  proved  insuffi- 
cient for  age  determination. 

These  younger  coal-bearing  rocks  are  con- 
fined to  the  center  of  the  synclinal  basin  and 
occupy  an  area  of  only  a  few  acres.  Coal 
occurs  near  their  base,  but  the  rocks  interven- 
ing between  it  and  the  cliff-making  sandstone, 
which  is  relatively  hard,  consist  of  soft  sand- 
stone and  shale,  so  poorly  exposed  that  the 
thickness  could  not  be  measured.  Two  coal 
beds  25  feet  apart  are  known  to  occur  in  this 
upper  coal-bearing  part  of  the  formation  and 
were  observed  at  the  Tocco  coal  mine.  The 
rocks  above  them  consist  principally  of  coarse- 
grained friable  sandstone  and,  hke  the  basal 
sandstone  just  described,  are  very  different  in 
appearance  from  any  of  the  sandstones  asso- 
ciated with  the  lower  coal  beds  in  this  field  or 
in  the  Mesaverde  formation  of  the  neighboring 
fields.  For  this  reason  these  rocks  are  regarded 
as  possibly  younger  than  Mesaverde,  but  in  the 
absence  of  definite  evidence  they  are  here 
assigned  with  doubt  to  the  Mesaverde. 

HAGAN  FIELD. 

The  Hagan  coal  field  lies  east  of  the  Rio 
Grande  between  the  Sandia  and  the  Ortiz 
Mountains.  The  Hagan  coal  mine,  from  which 
this  field  derives  its  name,  is  located  about  14 
miles  southwest  of  CerriUos.  The  mine  has 
been  described  by  M.  R.  Campbell  ^*  and  the 
coal  beds  correlated  by  him  and  others  with 
those  opened  in  the  same  field  at  the  Sloan  and 
the  Pina  Vititos  mines.  The  rocks  of  this  field 
dip  16®-36®  E.  and  disappear  under  accumu- 


lations of  rock  dfibris  of  comparatively 
origin.  A  section  of  the  Cretaceous  ro< 
Hagan  was  measured  with  tapeline  aero 
strike  in  an  east-west  direction,  and  the 
nesses  obtained  were  corrected  for  dip. 
rocks  lying  stratigraphically  below  the  E 
were  described  by  the  writer  ^**  a  few 
ago,  the  top  of  the  section  measured  a 
time  ending  where  the  base  of  the  p 
section  begins.  These  two  may  be  con 
to  make  a  complete  section  of  the  sedim( 
rocks  exposed  east  of  the  Sandia  Moimte 

Section  of  rocks  measured  near  ITafjan,  N.   X 

Quaternary(?): 

Conglomerate  coufdsting   of  pebbles  and 
boulders  up  to  several  feet  in  diameter 
(several  hundred  feet^. 
Unconformity. 
Tertiary: 

Shale  and  friable  sandstone,  highly  col- 
ored in  many  shades  of  piuple,  blue, 
green,  yellov,  etc 

Sandstone,  conglomeratic,  with  partings  of 
red  shale;  a  coarse  conglomerate  occurs 
at  the  base.  Sandstone  is  all  coarse 
grained,  granular,  and  friable 

Shale,  sandy  in  some  places,  gypsiferous; 
highly  colored,  like  the  shale  above. . . . 

Sandstone,  yellow,  conglomeratic  at  the 
base  with  pebbles  up  to  4  inches  in 
diameter  in  a  matrix  of  loose,  friable 
sandstone.  Pebbles  consist  principally 
of  quartz,  quartzite,  chert,  jasper;  sand- 
stone like  those  of  lower  horizons;  and 
fragments  of  petrified  wood.  Sandstone 
is  very  coarse  grained  and  more  or  less 
friable  throughout,  and  contains  great 
numbers  of  petrified  logs,  some  of  which 
seem  to  be  of  palm  wood.  Concretions 
of  pink  sandstone  occiu:  in  the  lower 
part 

Unconformity.  = 

Mesaverde  formation: 

Shale,  sandy,  with  soft,  friable  sandstone. 
The  shale  is  carbonaceous  with  thin 
seams  of  coal  in  many  places,  and  several 
coal  beds  1  to  6  inches  thick  occur  near 
the  top.  Large  concretions  of  yellow 
and  chocolate-colored  calcareous  sand- 
stone, yellow  cone-in-cone  structure 
limestone,  and  ironstone  throughout. 
The  following  fossil  leaves  were  found  at 
the  top  of  this  shale  half  a  mile  north  of 
Hagan  (U.  S.  Geol.  Survey  fossil  locality 
C030):  Brachyphyllum  sp.,  Fiaia  sp.,  and 

Dalbergia  n.  sp 

Sandfltx^ne  in  tliick,  massive  ]>late8;  forms 
the  crest  of  the  ridge  at  ITagan  mine; 
fossiliferous 
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Meeaverde  formation — Continued. 

Shale,  sandy;  contains  crystals  of  gypsum 
(selenite)  and  fossiliferous  concretions 
of  sandstone.  Fossil  leaves  at  the  top 
(U.  S.  Geol.  Survey  fossil  locality  6022) 
are  Alga^  Cyperacitea  sp.,  Gleichenia 
rhombi/olia  HoUick,  Trapa  microphylla 
Lesquereux,       Nelumho        intermediaf 

Knowlton,  and  Carpitea  n.  sp 

Coal 

Shale,  chocolate-colored 

Coal 

Sandstone,  gray  to  brown,  hard,  fine 
grained;  in  layers  alternating  with  shale. 

Shale,  sandy  gray 

Coal 

Sandstone  and  shale  in  alternatinir  lavers; 
contains  (U.  S.  Geol.  Survey  fossil  local- 
ity 6023)  Protophyllocladiis  sp.,  Ficuslan- 
ceohta  Heer,  Ficus  praetririen'is  Knowl- 
ton, Quercus  sp 

Sandstone,  massive,  gray,  coarse  grained, 
cross-bedded;  contains  petrified  wood; 
lies  with  uneven  contact  on  coal,  5  to  15 

feet 

Coal  ^Ilagan  inine) .' 

Shale,  carbonaceous,  chocolate-colored 

Sandstone,  shaly,  and  carbonaceous  shale. . 
Sandstone,  calcareous,  chocolate-colored  . . 

Shale,'  sandy 

Coal,  shaly 

Shale....; 

Coal 

Covered  (thin  beds  of  coal  occur  at  this 
horizon  one-half  a  mile  farther  north) . . . 

Sandstone,  massive,  friable,  light  gray 

Not  well  exposed.  There  are  several  small 
ridges  formed  by  the  outcropping  of 
sandstone  layers  in  which  are  concretions 
of  chocolate-colored  sandstones  and  fos- 
siliferous limestones;  contains  fU.  S. 
Geol.  Survey  fossil  localities  6778  and 
7172)  Ostrea  eUfjantula  Newberry,  Ostrca 
sp.,  Anomia  sp.,  Syncyclonema sp.y  Modi- 
ola  sp.,  Inoceramus  bambini  Morton, 
Tnoceramus  sp.,  Lithophagxut  sp.,  Leda 
sp.,  Cucullaea  sp.,  Cardium  sp.,  Le- 
gumen  sp.  related  to  L.  planulatum 
Conrad,  Liopistha  undata  Meek  and 
Hayden,  Tellina  sp.,  Mactra  sp.  related 
to  M.formosa  Meek  and  Hayden,  Mactra 
sp.  related  to  M.  gracilis  Meek  and  Hay- 
den, Mactra  sp.,  Turritella  sp.,  Gyrodcs 
sp.,  Lunatia  sp.,  Pterocerella  sp.,  Fascio- 
lariat  sp.,  Tunis  sp.,  Pyri/ususf  sp., 
Pyropsis?  sp.,  Volutomorpha  novimexi' 
cana  Herrick  and  Johnson,  Actaeon  sp., 
Pldcenticeras  wkitfieldi  Hyatt,  Placenti- 
ceras  intercalare  Meek  and  Hayden,  Pla- 
ceiitic£ras  sancarlosense  Hyatt,  Placenti- 
cfras  planum  Hyatt,  Scaphites  sp.  related 
to  S.  hippocrepis  Dekay,  Lamna  sp. 
(shark  teeth),  fish  vertebrae 


Feat. 


34 

1 
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12 
3 
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10 


10 

3± 

1 
20 

4 
25 

1 

4 

IJ 
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Mesaverde  formation — Continued. 

Shale  and  sandstone  not  well  exposed 

Sandstone  with  a  subordinate  amount  of 
shale.  The  sandstone  occurs  in  large 
lenticular  masses  and  contains  irr^^ilar 
masses  of  brownish-yellow  to  chocolate- 
colored,  fossiliferous  limestone.  Gastro- 
pods are  most  numerous  near  the  base. 
Contains  (U.S.  Geol.  Survey  fossil  local- 
ities 6779  and  7175)  Osirea  sp.  related  to 
0.  lugubris  Conrad,  Ostrea  (AJectryonia) 
sp.,  Inoceramus  barabini  Morton,  Inocera- 
mu8  sp.,  related  to  /.  acuHplicalus  Stan- 
ton, Pinna  sp.,  CWu/iofa  sp.,  Cardium  sp., 
CroMatellites  shumardi  Meek,  Cyprimeria 
sp.,  Tellina  sp.,  Turritella  sp.,  Anchuraf 
sp.,  Gyrodes sp.f  TYermsp.,  Pyri/ususf ep.^ 
Volutomorpha  no'inmexicana  Herrick  and 
Johnson,  Pyropsisf  sp.,  Odontofususf  sp., 
Volvlodermjat  sp.,  several  undetermined 
gastropod  genera.  Nautilus  dekayi  Mor- 
ton?, Placenticeras  sancarlosense  Hyatt, 
Placenticeras  intercalare  Meek  and  Hay- 
den, Lamna  sp.  (shark  teeth),  fish  ver- 
tebrae   


415 


220 


Mancos  shale: 

Shale  with  a  few  layers  and  concretions  of 
limestone.  The  upper  part;  100  to  200 
feet  thick,  is  sandy  and  yellowish  in 
color  and  contains  (U.  S.  Geol.  Survey 
fossil  localities  7171  and  7173)  Anomia 
sp.,  Inoceramus  sp.  related  to  /.  acuti- 
plicatus  Stanton;  Inoceramus  sp.  related 
to  J.  sagensis  Owen,  Cardium  sp.,  Gyrodes 
sp.,  Pyropsisf  sp.,  Volutomorpha  novi- 
mexicana  Herrick  and  Johnson;  but  the 
principal  part  is  dark  and  contains  few 
fossils  except  a  very  large  species  of  Ino- 
ceramus. Thin  layers  of  fossiliferous  lime- 
stone occur  near  the  baae  and  contain 
(U.  S.  Geol.  Survey  fossil  locality  7178) 
Inoceramus  labiatus  Schlotheim,  Inocera- 
mus fragilis  Hall  and  Meek,  Prionoajclus 
vryomingensis  Meek : . . . 

Shale  with  fossiliferous  limestone  concre- 
tions at  the  top,  containing  (U.  S.  Geol. 
Survey  fossil  locality  7177)  Ostrea  lugu- 
bris Conrad,  Ostrea  sp.,  Inoceramus  labi- 
atus Schlotheim,  Inoceramus  fragilis  Hall 
and  Meek,  Pecten  sp..  Pinna  petrina 
Wliite,  Cardium  sp.,  Isocardia  sp.,  Ana- 
tina  sp.,  Pholadomya  sp.,  Mactraf  sp., 
Turritella  sp.  related  to  T.  whitei  Stan- 
ton, Gyrodes  sp.,  Volutoderma  dalli  (Stan- 
ton), Actaeon  sp.,  Placenticeras  sp.,  Pri- 
onotropis  (two  or  more  species) 

limestone  containing  Inoceramus  labiatus 
Schlotheim 

Shale 


265 


1,854± 


1,405 


400 

1 
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Mancoe  phale — Continued.  Feet. 

Sandstone  (Tree  Hermanoe),  quartzose, 
consisting  of  thin,  contorted  layers  with 
numerous  worm  borings  and  markings  of 
many  kindtf;  also  poorly  preserved  gas- 
tropods and  other  shells 5 

Shale  (gastropod  zone) 90 

Dakota  sandstone:  2, 076 

Sandstone,  white,  friable,  cro88-bedde<l, 
locally  conglomeratic 50 

Morrison  formation: 

Shale,  variegated,  and  sandstone 200 


7, 970 

The  Dakota  sandstone  is  massive,  conglom- 
eratic, quartzi  tic  in  some  places  and  friable  in 
others,  and  its  thickness  changes  from  15  to 
50  feet  or  more  in  relatively  short  distances. 
No  fossils  were  f oimd  in  it,  and  its  reference  to 
the  Dakota  is  based  on  its  similarity  in 
lithologic  character  and  stratigraphic  position 
to  the  Dakota  of  neighboring  regions. 

The  Mancos  shale  here,  as  elsewhere  in  the 
areas  described  in  this  paper,  includes  several 
more  or  less  well  defined  zones  that  can  be 
recognized  over  wide  areas  by  their  lithologic 
characters  and  by  characteristic  fossils.  The 
lowest  or  gastropod  zone,  so  called  by  Herrick 
and  Johnson  "•  in  the  Rio  Puerco  field,  is  found 
in  a  dark  shale  90  feet  thick,  and  here  as  else- 
where in  central  New  Mexico  contains  lime- 
stone concretions.  However,  these  are  not  so 
f ossiliferous  as  are  those  of  the  gastropod  zone 
on  the  Rio  Puerco.  A  few  imperfect  shells, 
mostly  of  the  genus  InoceramuSy  were  seen  in 
it,  but  none  were  collected. 

The  Tres  Hermanos  sandstone  **•  is  recog- 
nizable in  this  field,  but  it  is  only  5  feet  thick 
where  the  section  was  measured.  However, 
it  increases  to  15  or  20  feet  in  some  places  near 
by.  It  was  observed  along  the  outcrop  from 
A  point  about  2  miles  south  of  Hagan  for  about 
S  miles  northward  to  Pina  Vititos,  where  it 
disappears  under  surface  debris.  It  contains 
a  few  poorly  preserved  gastropods  and  frag- 
ments of  other  shells. 

The  main  body  of  the  Mancos  shale  overUes 
the  Tres  Hermanos  sandstone.  It  was  meas- 
ured and  examined  with  much  care  near  Hagan. 
Its  lower  half  is  a  dark  shale  containing 
thin  layers  and  concretions  of  limestone.  Its 
upper  half  is  more  or  less  sandy  and  weathers 
to  brownish  yellow.  These  two  subdivisions 
were  readily  recognized  throughout  the  Hagan 
£eld.     A  thin  limestone  about  175  feet  above 


the  base  of  the  shale  is  full  of  shells  of  Inoce 
mu8  lahiatuSy  a  characteristic  fossil  of  the  Gre< 
horn  limestone.  A  zone  lying  about  400  fi 
above  this  limestone  has  been  called  the  ceph 
opod  zone  by  Herrick.^*'*  It  is  characteria 
by  numerous  limestone  concretions,  which  i 
very  fossiliferous  and  yielded  the  fossils  ( 
7177)  named  in  the  section. 

In  the  lower  part  of  this  concretion  zon< 
petrified  log  10  inches  in  diameter  was  foiu 
The  interior  portions  of  it  are  siUcified,  and  1 
siUca  center  is  surroimded  by  an  envelope 
coal  about  half  an  inch  thick.  Seventy-£ 
feet  above  the  top  of  the  concretion  zone  1 
shale  contains  thin  layers  of  dark  limestc 
containing  fossils  Got  7178  in  the  sectio 
These  shells,  together  with  those  from  the  c* 
cretion  zone  below  them,  belong  to  the  Bent 
f aima.  Several  of  the  species  are  the  same 
those  that  Johnson  ^'^  included  in  his  Bent- 
The  writer  viaited  Johnson's  locality  near  i 
smelter  of  Cerrillos  and  is  convinced  that  i 
horizon  represented  there  is  about  the  same 
that  indicated  in  the  section  75  feet  above  1 
cephalopod  zone. 

At  still  higher  horizons  the  Mancos  shale  a 
tains  specimens  of  Inoceramus  18  inches 
more  in  length.  The  shells  are  fragile  a 
crumble  so  easily  that  none  were  collect 
They  appear  to  be  the  same  species  that  t 
writer  has  observed  in  many  places  near  1 
center  of  the  Mancos  shale  west  of  the  Roc 
Mountains  and  near  the  middle  of  the  Pie 
shale  east  of  these  mountains. 

The  upper  part  of  the  Mancos  consists 
sandy  shale  about  700  feet  thick^  which  n 
be  the  time  equivalent  of  the  sandy  transitio: 
beds  at  the  top  of  the  Mancos  in  other  plac 
On  the  other  hand,  it  is  possibly  more  app 
priate  to  regard  this  sandy  shale  as  the  \g\ 
part  of  the  Mesaverde,  for  the  fossils  contair 
in  it  (7171  and  7173)  do  not  differ  from  th< 
of  the  overlying  Mesaverde  formation. 

The  line  of  separation  between  the  Man- 
and  the  Mesaverde  formation  is  here  drawn 
the  base  of  the  massive  yellow  sandstones 
low  the  coal  beds.  (See  PI.  XXVIII,  A.)  T 
lower  part  of  the  Mesaverde  is  not  contii 
ously  exposed  at  Hagan.  It  consists  of  sai 
stones  that  form  prominent  ridges  separa 
by  depressions,  in  which  softer  rocks,  presu 
ably  shale,  are  poorly  exposed.  The  sandsto: 
are  more  or  less  lenticular,  and  no  one  of  th 
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has  been  traced  for  any  considerable  distance. 
They  weather  to  rusty  yellow  and  contain  ir- 
regular masses  of  earthy  limestone,  in  which 
were  found  great  nimibers  of  fossil  shells  (see 
section)  that  do  not  differ  materially  from 
those  found  in  the  shale  below.  In  other 
words,  the  rocks  here  referred  principally  on 
Uthologic  character  to  the  top  of  the  Mancos 
are  faimally  not  divisible  from  those  referred 
to  the  base  of  the  Mesaverde. 

The  upper  part  of  the  coal-bearing  rocks  of 
the  Mesaverde  are  well  exposed  near  Hagan 
mine  and  contain  several  beds  of  coal,  two  of 
which  have  been  opened  at  the  mine.  Alter- 
nating with  these  beds  are  layers  of  carbona- 
ceous shale  and  chocolate-colored  sandstone 
in  which  are  f ossiliferous  concretions  of  yellow 
calcareous  sandstone  similar  in  general  appear- 
ance to  the  concretions  that  contain  the  marine 
shells  at  lower  horizons.  The  concretions  lying 
just  above  the  principal  opening  of  the  Hagan 
mine  yielded  the  fossil  plants  of  Mesaverde  age 
Got  6023)  named  in  the  section.  Leaves  and 
large  petrified  tree  tnmks  occur  at  somewhat 
lower  horizons. 

The  shale  between  the  coal  beds  contains 
large  crystals  of  selenite.  This  shale,  as  well 
as  the  sandstone  associated  with  it,  does  not 
differ  in  general  aspect  from  the  beds  of  marine 
origin  immediately  below  the  coal. 

The  600  feet  of  shaly  rocks  above  the  main 
coal  beds  are  more  variable  in  constitution  than 
those  at  lower  horizons.  In  their  lower  part 
they  contain  great  numbers  of  concretions  of 
earthy  Umestones;  near  the  top  they  are  more 
carbonaceous  and  in  some  places  contain  sev- 
eral thin  beds  of  coal.  These  beds  have  been 
prospected,  but  no  coal  more  than  a  few  inches 
thick  was  observed,  although  much  carbona- 
ceous shale  was  seen. 

The  measured  thickness  of  600  feet  is  prob- 
ably more  than  the  normal  thickness  of  this 
shale.  The  measurement  was  made  across  the 
trough  of  a  tilted  syncline,  and  it  is  possible 
that  the  shale  has  been  mechanically  thickened. 
Farther  north  it  is  not  so  well  exposed  and  no 
measurement  of  its  thickness  was  made,  al- 
though the  interval  occupied  by  it  was  esti- 
mated at  considerably  less  than  600  feet.  The 
rocks  at  Pina  Vititos,  which  probably  repre- 
sent this  shale,  measured  460  feet. 

Lying  unconfonmably  upon  these  highest 
coal-bearing  rocks  is  a  conglomerate  that  con- 


stitutes the  base  of  an  extensive  series  of  rocks 
younger  than  the  Mesaverde.  These  rocks  are 
highly  colored  and  consist  of  shale,  sandstone, 
and  conglomerate  that  are  similar  in  many  wa3^ 
to  the  Galisteo  sandstone  of  the  CerriUos  coal 
field  but  that  differ  from  the  typical  Galisteo  in 
being  much  more  shaly.  Their  conglomerates^ 
too,  consist  of  well-roimded  pebbles  of  hard 
rock,  whereas  those  of  the  Galisteo  sandstone 
near  Cerrillos  contain  many  angular  and  slightly 
worn  blocks  of  relatively  soft  rock.  However, 
the  pebbles  of  the  lowest  conglomerates  near 
Cerrillos  are  similar  to  those  in  the  Hagan  field 
and  the  larger  and  more  angular  ones  are  to- 
ward the  top  of  the  formation.  On  the  other 
hand,  these  colored  rocks  in  the  Hagan  field  are 
very  similar  in  composition,  color,  and  general 
appearance  to  the  Tertiary  rocks  of  the  Rio 
Puerco  field,  30  miles  to  the  west,  and  hold  the 
same  stratigraphic  position.  Although  it  seems 
probable  that  these  rocks  will  eventually  prove 
to  be  the  time  equivalent  of  some  of  the  Ter- 
tiary formations  of  the  San  Juan  River  regibn 
farther  west,  they  are  provisionally  correlated 
with  the  Galisteo  sandstone.  No  fossils  except 
petrified  wood  were  foimd  in  them.  (See  PL 
XXVIII,  B.)  This  occurs  in  the  formation  at 
all  horizons  in  the  form  of  tree  trunks  1  to  5 
feet  or  more  in  diameter,  and  in  the  conglom- 
eratic part  as  well-worn  pebbles,  probably  de- 
rived from  tree  trunks  that  were  formerly  em- 
bedded in  the  eroded  portions  of  the  under- 
lying coal  measures. 

The  youngest  rocks  near  Hagan  are  coarsely 
conglomeratic  and  he  with  conspicuous  angu- 
lar imconf ormity  on  the  eroded  edges  of  the  red 
beds  northeast  of  Hagan  (Galisteo  sandstone  ?),^ 
on  the  Mesaverde  near  Hagan,  and  on  the  Mancos 
shale  and  older  rocks  farther  to  the  south.  Thev 
consist  principally  of  blocks  of  igneous  rock  de- 
rived in  recent  geologic  time  mainly  from  the 
Ortiz  Mountains  and  constitute  part  of  the  beds 
which  in  the  Cerrillos  region. were  referred  by 
Johnson  ^^^  to  the  Santa  Fe  marl,  which,  ac- 
cording to  his  definition,  included,  with  the 
Tertiary,  all  rocks  of  the  region  yoimger  than 
Tertiary.  They  are  the  rocks  that  form  the 
aggraded  parts  of  what  has  been  described  in 
this  region  as  the  high-altitude  conoplain. 

The  Sloan  mine  is  located  in  the  Hagan  field 
about  3  miles  north  of  Hagan  mine,  and  the 
formations  of  the  Hagan  section  are  all  exposed 
there.     The  coal  beds  have  been  described  by 
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M.  R.  Campbell,'"*  who  quotes  a  section  of 
the  coal-bearing  rocks  measured  by  C.  R. 
Keyes.  The  Mancos  shale  below  and  the 
Galisteo  ( ?)  sandstone  overlying  the  Mesaverde 
are  present  and  are  characterized  by  the  same 
features  as  those  described  from  Hagan  and 
from  Pina  Vititos. 

The  Mesaverde  is  f  o^silif  erous  at  several  hori- 
zons. The  massive  sandstone  underiying  the 
principal  coal  beds  contains  Ildlymenites  major 
Lesquereux,  and  some  of  the  species  of  shells 
that  were  foimd  in  the  Mesaverde  at  Hagan. 
Fossil  plants — Ficus  leei  Knowlton,  Fitms 
eWCbLyptifolia  Ejiowlton,  Myrica  torreyi  Les- 
quereux, and  several  undescribed  forms — ^were 
found  in  the  white  sandstone  overiying  the 
main  bed  of  coal  (U.  S.  Geol.  Survey  fossil 
locality  6026).  These  species  were  foimd  again 
at  about  the  same  horizon  in  a  gulch  half  a  mile 
south  of  the  Sloan  mine. 

Pina  Vititos  is  the  name  of  a  coal  mine  at  the 
north  end  of  the  Hagan  field,  about  3  miles 
north  of  the  Sloan  mine  and  about  14  miles 
west  of  Cerrillos.  All  of  the  formations  from 
Dakota  to  Tertiary  are  well  exposed  in  the 
gulch  in  which  the  mine  is  located.  They  all 
dip  about  30°  E.  and  pass  under  a  cover  of  sur- 
face dfibris.  Those  below  the  Mesaverde  do 
not  differ  in  kind  or  character  from  the  Mancos 
at  Hagan  and  were  not  examined  in  detail.  A 
section  of  the  Mesaverde  and  younger  rocks 
was  measured  with  tapeline  in  the  gulch  and  the 
measurements  corrected  for  dip. 

Section  of  rocks  measured  at  Pina  Vititos ,  N.  Mex. 

Quaternary  (?): 

Conglomerate  and  breccia,  containing  a  few 
pebbles  of  quartz,  chert,  etc.,  but  consist- 
ing principally  of  blocks  of  igneous  rock  up 
to  5  feet  or  more  in  diameter,  cemented  to  a 
resistant  mass  (many  hundred  feet). 

Sandstone  composed  principally  of  igneous    Feot. 

material 165 

Unconformity. 
Gralisteo  (?)  sandstone: 

Sandstone,  friable,  slightly  colored 330 

Conglomerate,  composed  principally  of  colored 
chert  up  to  3  inches  in  diameter 10 

Sandstone,  shaly,  friable,  variegated  in  color, 
shades  of  pink  and  yellow  predominating. .      460 

Sandstone,  friable,  shaly,  varicolored,  with 
irregular  masses  of  conglomerate  at  many 
horizons  consisting  principally  of  pebbles 
of  chert;  contains  great  nimibers  of  petrified 
logs 1,125 

Sandstone,  friable,  white  to  Ught  pinkin  color; 
contains  pebbles  of  chert  throughout 200 


Galisteo  (?)  sandstone — Continued.  F« 

Sandstone,  shaly,  dark  red 

Conglomerate 

Sandstone,  shaly,  locally  conglomeratic,  pink 

to  white  in  color 

Conglomerate,  massive 

Sandstone,  shaly,  locally  conglomeratic,  pink 

Conglomerate,  coarse,  massive 

Sandstone,  shaly,  friable,  varicolored,  con- 
glomeratic at  many  horizons. 

Sandstone,  conglomeratic  at  the  base,  more  or 
less  shaly  above,  with  conglomerate  at 
many  horizons;  petrified  logs  1  to  6  feet  in 

diameter  are  numerous 1, 

Unconformity. 
Mesaverde  formation: 

Shale  and  sandstone  with  ironstone  concre- 
tions  

Sandstone 

Shale  with  sandstone  concretions,  1  foot  6 
inches  of  coal  near  the  top;  contains  at  the 
base  (U.  S.  Geol.  Survey  fossil  locality 
6028)  Ficus  sp.  type  of  F.  lanceolata  Heer, 
Ficus  wardiit  Knowlton,  Ficus  praetrinervis 
Knowlton,  Ficus  leei  Knowlton,  Viburnum 

sp.,  and  undescribed  dicotyledons 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Coal 

Shale 

Sandstone,  massive  gray 

Shale,  sandy  in  the  upper  part,  with  lenses 
and  concretions  of  sandstone. 
Mancos  shale.  — 

5, 

The  Mancos  shale  is  well  exposed  west  o: 
outcrop  of  the  Mesaverde  and  does  not  d 
in  any  essential  manner  from  the  Mancos  o1 
Hagan  section.  As  at  Hagan,  the  lower 
consists  mainly  of  dark  shale  and  the  U] 
part  of  sandy  ^ale  which  weathers  to  yello 
brown  and  contains  f  ossilif  erous  concretioi 
impure  limestone.  No  coal  or  carbonac 
shale  was  foimd  below  the  sandstone  thi 
here  regarded  as  the  base  of  the  Mesavc 
the  sandy  shale  is  regarded  as  the  transiti 
zone  at  the  top  of  the  Mancos,  although 
quite  possible  it  may  be  the  equivalent  in  ' 
of  the  lower  part  of  the  Mesaverde  of  o 
localities. 

At  the  base  of  the  measured  section  oc 
a  massive  sandstone  that  appears  to  be  at 
same  horizon  as  that  at  the  base  of  the  A1 
verde  at  Hagan.  Five  coal  beds  expose* 
the  mine  entries,  now  abandoned,  and  se^ 
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prospect  openings  were  observed  above  this 
mas^ve  sandstone.  The  coals  apparently  hold 
the  same  position  as  those  previously  described 
from  the  Sloan  and  Hagan  mines.  Fossil 
plants  were  found  at  several  horizons  closely 
associated  with  the  coal  beds,  and  several  (lot 
6028  in  section)  were  collected  principally  from 
the  sandstone  and  shale  overlying  the  main 
coal  bed. 

A  series  of  shales  and  sandstones  above  the 
coal-bearing  rocks  contain  ironstone  concre- 
tions and  may  be  the  time  equivalent  of  the 
rocks  constituting  the  highest  shaly  member  of 
the  Mesaverde  at  Hagan. 

On  these  shales  and  sandstone  there  rests 
imconformably,  as  at  Hagan,  the  basal  con- 
glomerate of  the  colored  beds  which  are  cor- 
related in  a  general  way  with  the  Galisteo 
sandstone  of  the  Cerrillos  field.  Thev  contain 
great  numbers  of  petrified  logs,  some  of  them 
very  large,  but  most  of  them  so  poorly  pre- 
served that  no  specific  determinations  have 
been  made.  No  identifiable  fossils  have  been 
foimd  in  these  colored  rocks,  and  their  geo- 
logic age  is  not  known. 

The  coarse  conglomerate  which  overUes  the 
colored  beds  is  composed  principally  of  igneous 
material  derived  from  the  Ortiz  Mountains  in 
angular  blocks  from  a  few  inches  to  several 
feet  in  diameter.  The  material  is  irregularly 
bedded  and  the  beds  dip  30*^  E.,  about  the  same 
as  the  underlying  rocks.  The  thickness,  ob- 
tained by  cprrecting  for  dip  the  distances 
measured  across  the  strike  bi  the  upper  part 
of  the  gulch  locally  known  as  Devils  Canyon, 
is  about  3,000  feet,  but  this  may  be  in  excess 
of  the  actual  thickness,  for  the  bedding  is  too 
irregular  to  admit  of  accurate  determinations. 
It  is  certain,  however,  that  this  conglomerate 
is  many  himdreds  of  feet  in  thickness.  It  is  the 
same  as  the  youngest  conglomerate  of  the 
Hagan  section  that  was  described  as  lying 
imconformably  on  the  Galisteo  (?),  Mesaverde, 
and  Mancos  formations. 

CERRILLOS  FIELD. 

The  Cerrillos  coal  field  is  better  known  than 
those  just  described,  mainly  because  of  the 
productive  mines  which  have  been  operated 
in  it  for  many  years.  The  coal-bearing  rocks 
occupy  a  syncline  between  the  Ortiz  Moim- 
tains  and  Galisteo  Creek  and  extend  from 
Galisteo  westward  for  about   14  miles.     The 


syncline  is  imsymmetrical  and  the  rocks  are 
warped  and  faulted  in  many  places,  but  in  gen- 
eral they  dip  from  all  directions  toward  the 
center  of  the  syncline.  The  general  geology  of 
this  field  has  been  described  by  D.  W.  John- 
son ^•^  and  will  be  considered  in  this  paper  no 
further  than  is  necessary  for  an  understanding 
of  the  age  and  structural  relations  of  the  Cre- 
taceous and  younger  formations.  The  coal- 
bearing  rocks  are  referred  to  the  Mesaverde 
and  are  correlated  with  those  of  the  Hagan, 
Tijeras,  Rio  Puerco,  and  Cabezon  fields.  (See 
fig.  13,  p.  179.) 

The  principal  coal  beds  of  the  upper  part  of 
the  Mesaverde  formation  have  been  opened  at 
Madrid,  and  their  thickness,  character,  and 
stratigraphic  position  are  well  known  from 
mining  operations.  Coal  has  been  mined  from 
three  beds,  the  lowest  of  which,  known  as  the 
Cook  &  White  coal  bod,  averages  3  feet  in 
thickness.  One  hmidred  feet  stratigraphically 
above  this  is  the  Peacock  coal  bed,  averaging  1 
foot  8  inches  in  thickness,  and  22  feet  higher  is 
the  White  Ash  bed,  which  normally  contains 
coking  bituminous  coal  averaging  5  feet  6 
inches  in  thickness.  Near  Madrid  the  White 
Ash  coal  has  been  changed  to  anthracite  by  the 
intrusion  above  the  bed  of  a  sheet  of  igneous 
rock  400  to  500  feet  thick.  The  anthracite  coal 
averages  3  feet  in  thickness.  From  data 
obtained  in  mining  and  kindly  furnished  to  the 
writer  by  Mr.  G.  A.  Kaseman,  a  section  of  the 
coal-bearing  rocks  at  Madrid  has  been  con- 
structed. This  section  probably  fiunishes  the 
best  standard  with  which  to  compare  others 
measured  in  the  Cerrillos  coal  field,  although 
fossils  are  so  scarce  as  to  be  of  httle  assistance 
in  correlation. 

Section  of  rocJcs  exposed  at  Madrid,  N.  Mex. 
[For  graphic  section  see  fig.  15,  p.  208.] 

Intrusive  ijjneoiis  rock. 

Shale  containing  fossil  plants,  Sequoia  reichen- 

6af/a'(Geinitz)  Heer  (U.S.  Geol.Sur\'ey  fossil  Ft.  in. 

locality  6071) 6± 

Coal  (Wliite  Ash  bed) 5  6 

Shale  and  sandstone 22  0 

Coal  (Peacock  bed) 1  8 

Shale  and  sandstone 8  0 

Sandstone 20  0 

Shale 20  0 

Sandstone 20  0 

Shale  with  thin  seams  of  coal 2  0 

Shale 6  0 

Sandstone 2#  0 
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Ft.  in. 

Shale 3  0 

Coal(Cook<fe  White  bed 3  0 

Sandstone  and  shale 5  0 

Sandstone 16  0 

Shale 8  0 

Coal 11 

Shale 9  0 

Coal 8 

Shale 16  0 


191  ± 

Few  fossils  were  found  in  the  coal-bearing 
rocks  at  Madrid,  although  careful  search  was 
made  for  them.  The  shale  beds  overlying  the 
coal  in  the  mines  near  Madrid  yielded  fossils 
at  only  one  locality — about  a  mile  south  of 
Madrid  in  the  roof  of  a  prospect  opening  in  the 
White  Ash  coal  bed,  where  conifers  (Sequoia 
reichenhdchi  (Geinitz)  Heer)  were  found.  Where 
the  Cook  &  White  bed  crosses  Coal  Gulch  north 
of  Madrid  this  coal  bed  is  overlain  by  a  mas- 
sive sandstone  containing  pinkish-brown  sand- 
stone concretions,  in  one  of  which  were  found 
impressions  of  shells  similar  in  appearance 
to  some  of  the  shells  of  marine  origin  that 
occur  so  abundantly  in  the  sandstones  at  the 
base  of  the  Mesaverde.  The  writer  foimd  no 
other  shells  above  the  coal  beds  near  Madrid, 
but  J.  J.  Stevenson  *"  reports  the  occurrence  of 
Inoceramu8  and  Ostrea  in  -the  coal-bearing 
rocks. 

The  rocks  at  Madrid  dip  about  15°  E.  and 
the  mine  entries  have  been  driven  down  this 
dip  xmder  an  intrusive  sheet  of  igneous  rock 
which  forms  the  crest  of  a  hill  east  of  the  town. 
Above  this  sheet,  in  a  gulch  about  half  a  mile 
east  of  Madrid,  coal-bearing  rocks  are  exposed 
near  the  mouth  of  an  abandoned  mine.  A  sec- 
tion measured  by  D.  W.  Johnson  ^'^  at  this 
locality  was  later  confirmed  by  the  present 
writer,  who  added  fossil  plants  to  those  already 
reported. 

SedUon  of  rocks  measured  at  an  abandoned  coal  mine  half  a 

mile  east  of  Madrid,  N.  Mex. 

(For  graphic  section  see  fig.  15,  p.  208.] 

Feet. 
Loose  sand,  upper  part  concealed 

Intruded  lava  sheet 1 

Sandstone,  soft 8 

Intruded  lava  sheet 3 

Sandstone,  soft 10 

Sandst6ne,  indurated,  containing  (U.  S.  Geol.  Survey 

fossil  locality  6019)  Ficus  rhamnoidesf  Knowlton, 

Picas    uneataf    Lesquereux,    Fieus  speciosissimaf 

Wtad,  Sabalfsp.,  Qwrcusf  ep.,  AraUafsp 9 

Shale,  carbonaceous 10 


Sandstone 

Intruded  lava  sheet. 

Shale 

Coal 

Shale 


The  rocks  of  this  section  lie  stratigraphica 
below  the  Galisteo  sandstone  and  above  i 
intrusive  sheet  of  igneous  rock  that  overlies  1 
highest  or  White  Ash  coal  bed  at  Madrid.  1 
tliickness  of  this  intruded  rock  is  shown  in  dr 
hole  records.  In  one  hole  sunk  in  the  gulcl 
few  hundred  feet  northeast  of  the  old  mine  j 
mentioned  and  about  4,500  feet  east  of  1 
principal  opening  at  the  outcrop  of  the  Wh 
Ash  coal  bed  the  drill  penetrated  somethi 
like  75  feet  of  rock  that  seems  to  belong  to  t 
Galisteo  sandstone  before  it  reached  the  co 
bearing  rocks  of  the  Mesaverde  aPnd  encoi 
tered  beds  that  seem  to  be  equivalent  to  th< 
of  the  section  just  given.  After  passing  throi 
the  igneous  rock  a  group  of  coal  beds  were  ( 
coimtered  that  doubtless  are  the  same  as  th< 
opened  at  Madrid.     The  record  follows: 

Section  of  rocks  penetrated  by  diamond  drill  4^500  feet  eas 
the  line  of  outcrop  of  the  White  Ash  coal  bed  at  Mad 
N.  Mex. 

[The  rocks  dip  15*  E.  The  measurements  made  of  the  core  taken  f 
the.  vertical  hole  are  slightly  in  excess  of  the  true  thicknesses  of 
rocks.    For  graphic  section  see  fig.  15,  p.  208.] 

Oalisteo  sandstone:  Ft. 

Sandstone,  gray  to  brown 39 

Shale,  brown 4 

Sandstone,  gray 12 

Shale 7 

Sandstone,  gray 5 

Shale,  gray  to  red 22 

Sandstone,  gray  to  red 19 

Shale,  .gray  to  red 22 

Sandstone,  gray 36 

Shale,  gray  to  red 8 

Sandstone 7 

Mesaverde  formation:    - 

Shale,  gray  to  red 28 

Shale,  carbonaceous  with  thin  seams  of  coal.  3 

Shale,  dark 12 

Coal 

Shale,  carbonaceous 4 

Igneous  rock 425 

Shale,  dark 8 

Coal 1 

Shale,  dark 6 

Coal 1 

Shale,  dark 2 

Coal 1 

Shale,  dark 2 

Coal 1 
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Mesaverde  formation — Continued.  Ft.  in. 

Shale,  dark 4  0 

Coal,  shaly 1  0 

Shale,  dark... 4  0 

Coal 1  8 

Sandstone,  shaly 19  4 

Sandstone 9  0 

Coal 1  0 

Sandstone 3  0 

Shale,  dark ,  3  0 

Sandstone 13  0 

Coal 6 

Shale ,  dark 4  6 

Sandstone 9  0 

Shale,  dark 3  0 

Sandstone 4  0 

Shale,  dark 4  0 

Sandstone 2  0 

Shale,  dark 4  0 

Sandstone,  brown 7  0 

Shale,  dark 1  o 

Coal 6 

Sandstone...'. 1  6 

Shale,  dark 4  0 

Sandstone 25  0 

Coal 1  6 

Shale 1  6 

Sandstone 14  0 

Shale 4  0 

Sandstone 14  0 

Shale 2  0 

Sandstone 11  0 

Coal 4  1 

Shale 1  11 
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In  a  second  drill  hole  put  down  6,800  feet 
east  of  the  outcrop  of  the  White  Ash  coal  bed 
the  drill  reached  a  depth  of  1,602  feet  and 
penetrated  not  only  the  beds  represented  in 
the  first  record  but  also  those  of  stratigraphic 
horizons  considerably  lower.  The  Oalisteo 
sandstone  occupies  the  surface  in  this  region, 
but  nothing  in  the  record  indicates  its  thick- 
ness at  this  locality  except  its  red  or  variegated 
color  which,  however,  may  be  caused  by  the 
metamorphic  action  of  the  intrusive  igneous 
rock.  As  no  coal  is  known  to  occur  in  the 
Galisteo  sandstone,  it  seems  safe  to  draw  the 
line  of  separation  between  this  formation  and 
the  Mesaverde  above  the  highest  coal  bed. 
(See  fig.  15.)  This  record  shows  the  occur- 
rence of  three  groups  of  coals.  The  highest 
group  obviously  corresponds  to  that  repre- 
sented by  the  beds  underneath  the  sheet  of 
intrusive  rock  in  the  first  record  and  to  those 
of  the  Madrid  section.  The  two  lower  groups 
probably  correspond  in  stratigraphic  position 

47019'~17 14 


to  those  described  later  near  Omera 
east  and  to  the  lower  coals  near  "  Rogers 
of  Madrid.     The  record  follows: 

Section  of  rocks  penetrated  by  diamond  drill  SySOO 
of  the  line  of  outcrop  of  the  White  Ash  coal  i 
Madrid,  N.  Mex. 

(The  rocks  dip  15°  E.  Measurements  made  of  the  core  take 
vertical  hole  are  slightly  in  excess  of  the  true  thicknesses  ol 
For  graphic  section  see  fig.  15,  p.  208.] 

(jallsteo  sandstone: 

Gravel  and  boulders 

Sandstone 

Shale 

Igneous  rock 

Shale,  red  to  gray 

Sandstone,  variegated  in  color 

Shale,  dark 

Mesaverde  formation:  = 

Sandstone,  gray 

Shale 

Coal,  anthracite 

Shale 

Sandstone,  dark 

Shale 

Coal 

Shale 

Sandstone. 

Sandstone,  light 

Coal 

Shale 

Sandstone 

Shale 

Coal 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone,  shaly 

Shale,  sandy 

Coal 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale ; 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Sandstone 

Shale 

Coal 
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Mesaverde  formation — Continued. 

Shale 

Sandstone : 

Coal 

Shale 

Sandstone 

Shale 

Coal 

Shale 


Ft.  In. 

1  4 

8  0 

1  0 

1  0 

4  0 

6  0 

6 

16  6 

Sandstone,  dark 169  0 

Coal 5 

Sandstone,  dark 8  7 

Coal,  shaly 1  0 

Sandstone,  dark 79  0 

Shale 5  0 

Coal,  shaly 1  9 

Sandstone 5  3 

Shale,  dark 20  0 

Coal,  shaly 9 

Shale 11  3 

Sandstone 2  0 

Shale 4  0 

Sandstone 3  0 

Shale 5  0 

Sandstone 22  0 

Shale,  dark 40  0 

Sandstone 52  0 


Mancoe  shale: 
Shale,  sandy. 


852      0 
100      0 


1,602      1 

The  dip  of  the  rocks,  which  is  15°  E.  at 
Madrid,  if  unchanged,  would  within  a  short 
distance  carry  a  given  bed  to  a  considerable 
depth.  However,  the  dip  no  doubt  lessens 
eastward  toward  the  center  of  the  basin,  and 
it  is  probable  that  the  1,602-foot  hole  passes 
entirely  through  the  Mesaverde  formation. 
The  surface  in  the  center  is  occupied  by  the 
Galisteo  sandstone  and  younger  rocks,  but 
the  underlying  Mesaverde.  reappears  from  be- 
neath them  with  opposite  dip  at  the  eastern 
extremity  of  the  basin  and  was  observed  near 
Galisteo,  although  no  details  of  it  were  ob- 
tained there.  However,  at  the  southeastern 
extremity  of  the  basin,  one  of  the  Mesaverde 
coals  has  been  developed  at  Omera  mine,  where 
a  section  was  measured.  The  dip  is  low,  and 
the  thicknesses  given  were  obtained  by  pacing 
across  the  outcrop  and  correcting  for  dip. 
Hence,  the  section  is  approximately  correct 
and  is  presented  to  show  the  relation  of  the 
Mesaverde  formation  to  the  underlying  Mancos 
shale  and  to  the  overlying  Gahsteo  sandstone. 


Section  of  rock*  measured  at  Omera  mirUf  about  28  mUa 
ioutheast  of  CerrilloSt  N.  Mex. 

[For  graphic  section  see  fig.  15,  p.  206.] 

Galisteo  sandstone: 
Conglomerate. 
Unconformity. 
Mesaverde  formation:  Ft.     in. 

Coal  (Omera  mine) 2± 

Shale,  carbonaceous 6 

Shale,  with  some  layers  of  sandstone  and 
cone-in-cone  structure  limestone  (not  con- 
tinuously exposed) 75      0 

Sandstone -lOOi 

Shale,  carbonaceous  in  some  places,  with 
lenses  and  concretions  of  sandstone  and 
cone-in-cone   structure   limestone.    Fossil 

plants  at  the  base. 85      0 

Coal 4 

Shale 5      0 

Sandstone,  massive,  yellow,  contains  fossil 

shells 200± 

Mancos  shale: 

Shale  with  a  sandy  transitional  zone  at  the 
top.  Concretions  of  fossiliferous  lime- 
stone occur  IQO  to  150  feet  from  the  top. 
These  contain  (U.  S.  Geol.  Survey  fossil 
locality  7180)  Exogyra  ponderosa  Roe- 
mer?,  Anemia  sp.,  Inoceramug.  sagentiM 
Owen?,  Inoceramus  sp.,  Cucullaea  sp., 
Cyprimeria  sp.,  Volutodermaf  sp.,  Nauti- 
lus sp.,  BaculiUs  sp.,  Mortoniceras  sp.  re- 
lated to  M.  delawarense  (Morton),  Pla- 
centiceras  sancarlosense  Hyatt,  Placenticeras 
sp.  (very  large  specimens  apparently  dis- 
tinct from  either  of  the  foregoing).  A 
few  himdred  feet  lower  in  this  shale  (U.S. 
Geol.  Survey  fossil  locality  7181)  the  fol- 
lowing fossils  occur:  Crassatellites  shu- 
mardi  Meek?,  Mactra  sp.,  Gyrodes  sp., 
Volutodermaf  sp.,  Actaeont  sp. 


467± 


Comparison  seems  to  show  that  the  lowest  bed 
of  coal,  wliich  is  only  4  inches  thick  where  this 
section  was  measured  but  which  is  somewhat 
thicker  in  other  places,  corresponds  in  strati- 
graphic  position  with  the  lowest  coal  beds  rep- 
resented in  the  1,602-foot  driU  record  (p.  209); 
that  the  100-foot  sandstone  finds  its  counter- 
part in  the  169-foot  sandstone  of  the  drill  rec- 
ord; and  that  the  coal  developed  in  the  Omera 
mine  corresponds  in  position  with  the  middle 
group  of  the  drill  record  and  with  the  lowest 
developed  coal  of  the  Rogers  section.  (See 
fig.  15.)  If  this  correlation  is  correct,  it  is 
evident  that  a  large  part  of  the  Mesaverde  for- 
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mation  as  represented  in  other  parts  of  the 
Cerrillos  coal  field  is  not  present  at  Omera,  and 
that  the  unconformity  above  the  Omera  coal 
represents  an  erosion  interval  of  long  duration. 
The  conglomerate  of  the  Galisteo  sandstone 
(see  section,  p.  210)  rests  in  some  places  directly 
upon  a  coal  bed,  which  varies  considerably  in 
thickness  within  short  distances.  Where  shale 
intervenes  between  it  and  the  overlying  con- 
glomeratic sandstone,  the  coal  bed  is  4  to  5  feet 
thick,  but  where  the  conglomeratic  sandstone 
rests  upon  the  coal  bed,  the  coal  is  thinner  and 
in  some  locaUties  is  entirely  replaced  by  the 
sandstone,  as  is  well  illustrated  in  the  mine  work- 
ings. J.  H.  Gardner  states  in  his  impublished 
notes  of  the  Omera  mine  that  560  feet  down  an 
old  slope  the  coal  abruptly  disappears  against  a 
face  of  sandstone  showing  no  evidence  of  faulting. 
He  foimd  that  this  disappearance  was  due  to 
total  erosion  of  the  coal  bed  previous  to  the 
deposition  of  the  sandstone.  He  also  states  that 
at  one  locaUty  near  the  Omera  mine  he  foimd 
two  coal  beds  separated  by  9  feet  of  sandstone, 
the  lower  one  3  feet  thick  and  the  upper  4  feet 
6  inches  thick.  At  one  of  the  prospect  entries, 
a  few  rods  from  the  place  where  the  section 
given  above  was  measured,  the  present  writer 
observed  two  coal  beds,  as  follows: 

Section  of  rocks  meamred  near  Omera  mine. 

Conglomerate  with  pebbles  of  several  kinds  of 

rock  including  angular  fragments  of  coal.  Ft  izu 

Coal 2 

Shale,  sand  y 2      6 

Coal 4      2 

Shale.  

6    10 

The  conglomerate  shown  at  the  top  of  this 
section  constitutes  the  base  of  the  Galisteo 
sandstone.  In  it  were  found  pebbles  and 
boulders,  some  as  much  as  6  inches  or  more  in 
diameter,  consisting  of  quartz,  chert,  sand- 
stone, limestone,  petrified  wood,  coal,  and  the 
like.  This  formation  is  exposed  continuously 
from  Omera  northward  to  Galisteo  Creek  and 
westward  to  Madrid. 

Below  the  Mesaverde  the  Mancos  shale  occurs 
in  characteristic  development.  Great  numbers 
of  fossils,  ospeciaJly  cephaloppds,  occur  in  con- 
cretions of  limestone  near  the  top  of  the  for- 
mation.    (See  section,  p.  210.) 

The  thickness  of  the  Mancos  was  estimated 
to  be  about  the  same  as  that  given  for  it  in  the 
Rogers  section,  but  no  attempt  was  made  to 


measure  it.  It  dips  gently  west  and  occupi 
the  broad  valley  on  eitiier  side  of  the  New  Me 
ico  Central  Railroad.  At  the  eastern  side 
this  valley,  about  3  miles  east  of  the  town 
Galisteo  (U.  S.  Geol.  Survey  fossil  locality  717C 
the  following  Benton  fossils  were  collecte 
Ostrea  sp.,  Inoceramus  fragUis  Hall  and  Mee 
Prionotropis  sp.,  and  undetermined  casts 
pelecypods  and  gastropods. 

About  2  miles  south  of  the  locality  whe 
these  fossils  were  collected  the  Tres  Herman 
sandstone  was  recognized,  also  the  shale  b 
tween  this  sandstone  and  the  Dakota,  whi 
contains  the  gastropod  zone  at  the  localiti 
described  farther  west.  Below  the  Mane 
shale  is  a  hard  conglomeratic  sandstone  whic 
on  the  basis  of  Uthologic  character  and  stra 
graphic  position,  is  referred  to  the  Dakota,  ai 
under  it  are  variegated  sandstone  and  sha 
that  probably  are  Morrison. 

The  rock  formations  above  the  Morrison 
this  eastern  limb  of  the  syncline  correspoi 
closely  to  those  in  the  western  limb,  but  tho 
below  the  Morrison  seem  to  be  different.  Ea 
of  Omera  a  massive  cliff-making  pink  to  r 
sandstone  about  100  feet  thick  occurs  below  t 
Morrison  and  Ues  unconformably  on  the  de 
red  and  pxirple  sandstone  and  shale  of  t 
typical  red-bed  formation  of  this  region.  Tl 
sandstone  has  the  appearance  of  the  Exet 
sandstone  "•**  of  eastern  New  Mexico  and  hoi 
the  same  stratigraphic  position.  On  sheet 
of  the  Santa  Fe  Route  guidebook^  this  san 
stone  is  called  Wingate  (?).  Below  this  san 
stone  east  of  Omera  occur  red  rocks  similar 
the  red  beds  of  the  Manzano  group  that  outer 
in  the  Sandia  Mountains  to  the  west. 

The  hne  of  outcrop  of  the  coal  beds  exten 
northwest  from  Omera  and  seems  to  pe 
around  the  northern  base  of  the  Ortiz  Mou 
tains  to  the  coal  in  the  vicinity  of  Madrid,  b 
in  the  intervening  space  the  coal  is  cover 
with  d6bris  from  the  mountains.  North 
Omera  the  coal  beds  were  displaced  by  t 
intrusion  of  the  igneous  rock  of  Cerro  Pelc 
which  rests  on  the  basal  sandstone  of  the  Me$ 
verde  at  its  southern  end  and  on  Mancos  shj 
farther  north.  This  shale  and  basal  sandsto 
were  observed  underlying  the  GaUstco  san 
stone  north  of  Cerro  Pelon  in  the  vicinity 
Galisteo,  but  no  indication  was  found  that  a 
coal  occurs  there.     It  seems  probable  that  t 
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erosion  which  preceded  the  formation  of  the 
Galisteo  sandstone  removed  all  rocks  that  may 
have  existed  above  the  basal  sandstone  of  the 
Mesaverde  in  the  vicinity  of  Galisteo.  Little 
was  seen  of  the  Mesaverde  or  of  the  older  rocks 
between  Gahsteo  and  CerriUos,  they  being 
covered,  for  the  most  part,  by  younger  rocks, 
but  near  Cerrillos  the  Mancos  and  Mesaverde 
reappear  in  vertical  position,  upturned  by  the 
intrusion  of  the  igneous  rocks  of  the  mountains 
to  the  north. 

West  of  Cerrillos  the  rocks  dip  steeply  to 
the  south  and  Galisteo  Creek  flows  in  a  gorge 
cut  along  the  strike  partly  in  the  Mancos  shale 
and  partly  in  the  basal  sandstone  of  the  Mesa- 
verde formation.  About  14  miles  west  of  Cer- 
rillos the  rocks  are  well  exposed  south  of  Galis- 
teo Creek,  and  a  section  was  examined  care- 
fully for  the  purpose  of  locating  the  coal  beds 
which  have  been  developed  at  Rogers,  a  coal- 
mining camp  west  of  Madrid,  now  abandoned. 
At  the  horizons  where  the  main  beds  should 
occur  coal  was  found,  but  the  beds  are  thin, 
possibly  due  to  crushing  at  the  time  the  rocks 
were  upturned.  Otherwise  the  section  at  this 
locality  does  not  diflFer  materially  from  the 
Rogers  section  (below),  except  that  in  it  the 
base  of  the  Galisteo  sandstone  is  more  coarsely 
conglomeratic,  consisting  of  hard  quartzose 
sandstone  containing  pebbles  principally  of 
quartz  and  chert  an  inch  or  more  in  maximum 
diameter. 

Fossil  plants  were  found  about  325  feet  above 
the  top  of  the  basal  sandstone  of  the  Mesaverde 
in  shale  in  a  railroad  cut  on  the  branch  line 
from  Waldo  to  Madrid.     They  are  as  follows: 

Fossil  plants  collected  in  the  Mesaverde  formation  in  a  rail- 
road cut  H  miles  west  of  Cerrillos,  N.  Mex, 

[U.  S.  GeoL  Survey  fossU  locality  6021.) 
Brachyphyllum  c£.  B.  macrocarpum  Newberry. 
Celastrus  n.  sp. 
Ficus  speciosissima  Ward. 
Ficus  lanccolata  Heer. 
Ficus  eucalyptifolia  Knowlton. 
Ficus  n.  sp. 

Farther  south  and  west  the  rock  formations 
are  well  exposed  and  were  traced  to  Rogers,  on 
the  western  limb  of  the  syncline.  The  rocks 
strike  nearly  north  and  south  and  dip  9°  E.  A 
section  was  measured  by  tapeUne  from  the  old 
Rogers  mine  westward  across  the  strike  of  the 
upturned  rocks  to  a  point  at  the  base  of  the 
Cretaceous,  about  a  mile  south  of  Galisteo 
Creek.     This  section  may  be  combined  with 


the  Galisteo  Canyon  Section  of  the  Manzano 
group  published  by  tfee  writer  several  years 
ago.  *^'  "^ 

Section  of  rocks  measwred  near  Rogers,  2  miles  southwest  oj 

Cerrillos,  N.  Mex. 

[For  graphic  section  see  fig.  15,  p.  208.] 

Conglomerate. 

Galisteo  sandstone:  Feet. 

Shale,  sandy 25 

Sandstone,  yellow 8 

Sliale,  sandy,  yellow 16 

Sandstone,  massive 12 

Shale,  sandy,  light  colored 15 

Sandstone,  massive,  gray 10 

Shale  andsandstone  in  alternating  layers.  68 

Sandstone,  massive,  coarse  grained,  fri- 
able, loose  textured  to  quartzose; 
locally  conglomeratic;  variable  in 
thickness  and  character;  contains  (U. 
S.  Geol.  Survey  fossil  localities  6016 
and  6020)  Sabalf  ungeri  (Lesquereux) 
Knowlton  &nd  Dryopterisf  Bp 10 ± 

164± 
Unconformity  by  erosion.  ===== 

Mesaverde  formation: 

Coal,    thickness   irregular,    due   to 

erosion;  absent  in  some  places 2± 

Sandstone,  shale,  and  thin  beds  of  coal 
in  alternating  layers;  contains  (U.  S. 
Geol.  Survey  fossil  locality  6018) 
Abietites  dubius  Lesquereux,  Sequoia 
reichenbacJn  (Geinitz)  Heer,  Cunning- 
hamiUs     pulchellus     Knowlton,     and 

Nelumbo  intermedia?  Knowlton 35 

Coal  (Rogers  opening) 4 

Shale  and  sandstone;  the  shale  carbona- 
ceous in  some  places  with  thin  seams 

of  coal 105 

Sandstone  in  massive  layers  separated  by 
thin  beds  of  shale;  forms  the  crest  of  a 

ridge 105 

Sandstone  and  shale  in  alternating  layers; 
contains  concretions  of  brown  sand- 
stone   146 

Coal 1 

Shale  (0  to  10  inches) ^ 

Coal 2± 

Covered 31 

Coal,  dirty 1± 

Shale  with  yellowish  limestone  concre- 
tions, containing  (U.  S.  Geol.  Survey 
fossil  locality  7167)  fossil  oysters  (Ostrea 

sp.  related  to  0.  soleniscus  Meek) 15 

Coal i 

Sandstone  and  shale 6 

Coal ) 

Shale 6 

« 

Sandstone,  principally  massive,  light 
gray,  friable;  in  some  places  with 
brown  flinty  concretions.  Thickness 
varies  from  place  to  place  but  the  lower 
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Meeaverde  fonnation — Continued. 

50  feet  or  more  forms  a  prominent  cliff, 
the  basal  sandstone  of  the  Meeaverde, 
and  contains  Halymenites  major  Les- 
quereux,  Mactra  sp.  related  to  M.  alta 
Meek  and  Hayden,  and  several  gastro- 
pods and  other  shells  similar  to  those  peet. 

found  below  the  basal  sandstone 300  ± 

Mancos  shale: 

Shale  with  thin  layers  of  gray  sandstone; 
constitutes  the  transition  zone  from  the 
shale  below  to  the  base  of  the  Mesa- 
verde;  contains  (U.  S.  Geol.  Survey 
fossil  localities  7164  and  7165)  Ostrea 
elegantula  Newberry?,  ^nomta  sp.,  In- 
oceramus  sp.  related  to  I.  proximus 
Tuomey,  Inoceramus  sp.  related  to  /. 
6ara6im  Morton,  Oucullacaap.,  Cardium 
sp.,  Cyprimeria  sp.,  Legumenf  sp., 
Corbula  sp.,  Mactra f  sp.,  Anatina  sp., 
Dentalium  sp.,  Turritella  galisteoensis 
Johnson,  Volutomorpha  sp.,  Voluto- 
derma f  sp.,  Nautilus  dekayi  Morton?, 
Scaphites  sp.  related  to  S.  hippocrepis 
DeKay,  Baculites  sp.,  Placenticeraa 
sancarlosense  Hyatt,  Placenticeras  pla- 
num Hyatt 150i: 

Shale,  dark,  with  fossiliferous  concre- 
tions of  limestone  near  the  top  and  near 

the  bottom 2, 100 

Sandstone  (Tres  Ilermanos),  hard,  quartzose, 
in  thin,  irregular  layers;  weathers  to 
yellowish  brown;  contains  (U.  S.  Geol. 
Survey  fossil  locality  7168)  shells,  nu- 
merous worm  borings,  and  indefinite 
markings  of  various  kinds;  also  Haly- 
menites major  I^squereux,  Pinna  pe- 
trina  White?,  Pecien  sp.,  Gyrodes  sp., 
Turritella  sp 20 

Shale,  dark,  with  dark-brown  concretions 
of  impure  limestone  (gastropod  zone) 
and  a  stratum  of  ** crinkly"  sandstone 
a  foot  thick  near  the  middle 75 

Conglomerate  containing  pebbles  of 
quartz  and  chert  up  to  an  inch  in  di- 
ameter   2 

Shale,  carbonaceous,  with  coal  a  few 
inches  thick  near  the  top 5 

Dakota  sandstone :  3, 1 10  i: 

Sandstone,  hard,  quartzose,  massive, 
cross-bedded,     locally    conglomeratic 

near  the  base 50i: 

Morrison  formation :  == 

Sandstone,  white,  more  evenly  bedded 

than  the  hard  sandstone  overlying  it. .  40 i: 

Shale  and  sandstone,  variegated  in  color.  80 

Conglomerate,     cross-bedded,     massive; 

pebbles  an  inch  or  more  in  diameter. .  10 
Shale,  variegated,  and  sandstone,  thick- 
ness estimated 200 


330d: 


3,654± 


The  variegated  sandstone  anc 
base  of  the  section  has  been  ref  en 
rison  on  lithologic  and  stratigra 
though  no  fossils  have  been  four 
region.  The  lower  part,  200  fe 
thickness,  consists  of  soft  shal 
sandstone  of  many  shades  of 
character  has  been  noted  in  so  ma 
it  has  come  to  be  regarded  as  mo 
nostic  of  the  Morrison  formation, 
softer  beds  is  a  coarse  conglon 
thick  overlain  by  80  feet  of  va: 
stone  and  shale.  Were  it  not  f( 
the  beds  above  it  this  conglome 
regarded  as  the  base  of  the  Dako 
although  conglomerate  is  rare  in 
the  reference  of  the  lO-foot  conglc 
formation  seems  inevitable.  A 
lying  thin-bedded  sandstone,  al 
probably  belongs  in  the  Morrisor 
and  the  overlying  conglomerate, 
referred  to  the  Dakota,  an  u; 
separation,  more  or  less  cons 
mark  an  unconformity.  The  v 
merly  shown  '^*  that  in  the  Gahst 
Morrison  apparently  lies  unconf 
older  rocks. 

Above  the  rocks  here  referred  t 
is  a  sandstone  about  50  feet  thick, 
near  the  base,  and  otherwise  si: 
acter  and  appearance  to  the  bast 
the  Purgatoire  fonnation  as  obs€ 
out  the  southern  Rocky  Mountain 
fossils  of  Comanche  age  were  foun 
this  sandstone  east  of  the  mount 
garded  as  a  part  of  the  Dakota  si 
fossils  were  found  in  it  near  Cei 
reference  to  the  Dakota  is  based 
ogy  and  stratigraphic  position. 

Carbonaceous  shale  in  which 
coal  occur  in  some  places  was  f  o 
Dakota  sandstone.  Both  shale 
irregular  in  thickness  and  charac 
was  observed  in  several  places  an( 
range  in  thickness  from  a  mere  f 
inches.  A  conglomerate  above 
varies  in  thickness  and  character 
in  places.  Apparently  this  carbo 
coal,  and  conglomerate  belong  i 
shale  and  are  not  to  be  inclu 
Dakota.  The  only  place  at  this 
a  line  of  separation  can  ratiom 
between  the  Dakota  sandstone  ai 
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shale  is  at  the  base  of  this  carbonaceous  shale, 
where  there  is  an  abrupt  change  from  the  shale 
to  the  quartzose  sandstone  below.  On  the 
other  hand,  there  is  a  tendency  on  the  part  of 
some  observers  of  Rocky  Mountain  geology  to 
call  any  coal  near  this  horizon  '^Dakota  coal/' 
and  it  is  probable  that  although  the  coal  in  the 
Galisteo  region  clearly  lies  above  the  base  of 
the  Mancos  shale  it  may  be  the  equivalent  in 
age  of  some  of  the  so-called  Dakota  coal  of  the 
southern  Rocky  Mountain  region.  At  other 
localities  in  the  CerrUlos  and  Hagan  fields 
neither  the  coal  nor  the  overlying  conglomerate 
could  be  found.  It  is  evident  that  both  the 
coal-bearing  shale  and  the  conglomerate  are 
local  in  occurrence  and  of  very  restricted  dis- 
tribution. 

The  shale  overlying  the  conglomerate  is  ordi- 
nary dark  clay  shale  of  marine  origin.  A  few 
shells  of  the  genus  Inoceramus  were  f  oimd  near 
the  base.  A  stratmn  of  sandstone  and  a  zone 
of  concretions  of  impure  limestone  occur  mid- 
way of  the  shale  and  contain  fossils,  but  none 
were  collected.  The  limestone  concretions 
probably  represent  the  gastropod  zone  of  the 
Rio  Puerco  field. 

The  Tres  Hermanos  sandstone,  at  this 
locality  only  20  feet  thick,  overlies  the 
shale  containing  the  gastropod  zone.  It  is 
very  resistant  and  forms  a  hogback  more 
prominent  than  that  of  the  Dakota.  It  con- 
sists of  thin  irregular  layers  of  sandstone  an 
inch  or  less  in  thickness,  on  whose  faces  are 
ripple  marks,  worm  tracks,  and  markings  of 
many  kinds.  The  sandy  layers  are  separated 
in  some  places  by  films  of  shale.  A  few  imper- 
fect casts  of  gastropods  were  found  in  this 
sandstone,  and  impressions  supposed  to  be 
Halymenites  major  are  abundant  in  some  places. 
The  species  named  in  the  section  (lot  7168) 
were  found  in  blocks  of  sandstone  at  the  base 
of  a  cUff  of  Tres  Hermanos  sandstone  where  the 
section  was  measured.  The  sandstone  is 
unhke  any  other  rocks  near  it  and  has  a  pecuhar 
appearance  that  makes  its  recognition  easy. 

At  a  horizon  estimated  to  be  100  feet  strati- 
graphically  above  the  Tres  Hermanos  sand- 
stone, there  is  a  small  ridge  formed  by  a  hme- 
stone  about  3  feet  thick,  which  presumably 
represents  the  Greenhorn  Umestone.  It  con- 
tains great  numbers  of  Inoceramus  labiatus 
Schlotheim.  At  a  higher  horizon,  estimated  as 
500  feet  above  the  base  of  the  Cretaceous, 


Inoceramus  labiaius  Schlotheim  and  Priono- 
cyclus  wyomingensis  Meek  were  found  in  a  lime- 
stone having  a  strong  odor  of  petroleum.  These 
fossils  are  among  those  collected  by  D.  W. 
Johnson  at  the  town  of  Cerrillos  near  the 
smelter  and  determined  by  him  as  belonging  to 
the  Colorado  fauna.^'^     Thev  are  as  follows: 

Fossils  collected  near  the  smelter  at  Cerrillos,  N.  Mex. 

Ostrea  lugubris  Conrad. 
Inoceramus  labiatus  Schlotheim. 
Inoceramus  dimidius  White. 
Inoceramus  fragilis  Ilall  and  Meek. 
Scaphites  warreni  Meek  and  Ilayden. 
Prionocyclus  macombi  Meek. 
Prionocyclus  wyomingensis  Meek. 
Prionocyclus  n.  sp. 
Prionotropis  woolgari  Man  tell. 
Rostellites  dalli  var.  wellsi  Johnson. 
Rostellites  ambigua  Stanton?. 
Acmea  cerrillosensis  Johnson. 
Sciuria?  coniformis  Johnson. 
Aucella  strongi  Johnson. 
Beryx  sp.  undetermined. 

The  Mancos  shale  of  this  section  is  particu- 
larly rich  in  fossils  at  the  top.  In  its  upper  200 
feet  were  found  the  species  (lots  7164  and  7165) 
named  in  the  section  measured  near  Rogers 
(p.  212).  Another  collection  was  made  at 
approximately  the  same  horizon  north  of 
Galisteo  Creek.  Tn  commenting  on  these  fos- 
sils Stanton  says:  *'The  horizon  is  beheved  to 
be  a  short  distance  above  that  of  the  Austin 
chalk  and  the  Niobrara  hmestone — that  is,  in  the 
lower  part  of  the  Montana  group.'' 

The  base  of  the  Mesaverde  formation  in  the 
Cerrillos  field  consists  of  a  massive  clifF-making 
sandstone  overlain  by  other  sandstones  which 
are  softer  and  somewhat  shaly  in  places.  (See 
PI.  XXIX,  A,)  These  sandstones  form  the 
surface  of  a  dip  slope  that  is  unevenly  eroded, 
and  their  measured  tliickness  is  open  to  ques- 
tion. The  300  feet  given  in  the  section  was 
obtained  by  measuring  with  tapeline  across  the 
strike  of  rocks  dipping  only  5°  to  8°  and  com- 
puting the  thickness  from  the  tip  and  hori- 
zontal distance  measured.  It  is  not  certain 
that  the  dip  is  constant  nor  that  no  faults 
occur.  No  coal  was  foimd  in  this  lower  300 
feet  of  the  Mesaverde,  but  at  neighboring 
locaUties  thin  beds  of  coal  occur  in  rocks  that 
are  probably  equivalent.  The  sandstone  con- 
tains large  yellow  concretions  of  calcareous 
sandstone  in  which  marine  fossils  were  f oimd. 
Some  shale  occurs,  but  it  seems  to  be  very  sub- 
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ordinate  in  amount.  Apparently  this  300  ± 
feet  of  sandstone  corresponds  to  the  part  of  the 
1,602-foot  drill  record  (see  fig.  16)  included 
between  the  lower  shale  and  the  top  of  the  169- 
foot  sandstone.  This  drill  record  shows  thin 
beds  of  coal  which  are  supposed  to  occur  in 
the  lower  part  of  the  Rogers  section  but  which 
were  not  found  where  the  section  was  meas- 
ured. The  Mesaverde  formation  at  Rogers 
contains  two  groups  of  developed  coal  beds, 
the  upper  probably  equivalent  to  the  group 
described  at  Madrid  and  the  lower  to  the  coals 
at  Omera  and  to  the  middle  group  shown  in  the 
1,602-foot  drill  record.  These  relations  are 
best  shown  in  figure  15  (p.  208). 

No  fossil  leaves  were  found  in  the  Mesaverde, 
near  Rogers,  but  oyster  shell?  identified  as 
Ostrea  sp.  related  to  0.  soleniscus  Meek  were 
found  about  half  a  mile  south  of  the  line  along 
which  the  section  was  measured.  They  occur 
in  yellow  concretions  similar  to  those  in  the 
basal  sandstone  of  the  Mesaverde  which  yielded 
gastropods  ^nd  other  marine  fossils.  (See  sec- 
tion, p.  212.)  They  occur  about  50  feet  strati- 
graphically  above  the  lowest  coal  observed  at 
this  locality.  The  oyster  shells  are  large,  and 
no  complete  ones  could  be  found,  but  fragments 
an  inch  or  more  in  thickness  and  10  inches  long 
were  obtained. 

There  is  good  evidence  at  Rogers  of  an  un- 
conformity between  the  Mesaverde  and  the 
overlying  Galisteo  sandstone.  A  coal  bed 
which  occurs  about  65  feet  stratigraphically 
above  the  coal  at  the  old  Rogers  opening  is  3 
feet  or  more  in  thickness  in  some  places  and  in 
other  places  is  entirely  absent.  This  variation 
in  thickness  is  due  to  irregularities  of  the  upper 
surface  obviously  caused  by  erosion.  Upon 
this  unevenly  eroded  surface  lies  a  light-colored, 
coarse-grained,  locally  conglomeratic  sandstone, 
above  which  no  coal  nor  dark  shale  such  as  is 
associated  with  the  coal  lower  in  the  section  was 
observed.  The  rocks  above  it  are  pink,  blue, 
and  green  and  gradually  merge  into  the  un- 
doubted Galisteo  sandstone  typically  developed 
farther  to  the  east. 

A  few  poorly  preserved  fossil  plants  named  in 
the  section  were  found  in  this  basal  member  of 
the  Galisteo  at  Rogers,  but  they  are  not  of  such 
character  as  to  determine  the  age  of  the  rocks. 


Section  of  rocks  penetrated  by  diamond  drill  in  Waldo 
about  a  quarter  of  a  mile  south  of  the  old  Rogers  mi 

[The  rocks  dip  9*  E.  The  measurements  made  of  the  core  tak( 
the  vertical  hole  are  slightly  in  excess  of  the  true  thicknesse 
rocks.    For  graphic  section  see  Hg.  15,  p.  208.] 

] 
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Shale,  black 

Coal 

Shale,  sandy,  gray 
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Shale,  sandy,  gray 1 
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Shale 
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Shale 

Sandstone 

Shale  and  sandstone ' 

Sandstone,  gray 

Igneous  rook IJ 

Shale,  sandy 1 

Coal.... 

Shale,  gray 

Sandstone,  gray 

Shale,  gray. - 

Coal 

Shale ; 

Sandstone,  gray 

Coal 

Shale,  dark  colored ' 

Coal '. 

Shale,  dark  colored 

Coal 

Shale,  dark  colored 

Coal... 

Shale,  dark  colored J 

The  diamond-drill  prospect  recorded  a 
was  made  on  Waldo  Mesa  about  half  a 
south  of  the  old  Rogers  mine.  The  drill  pj 
through  a  group  of  coal  beds  that  is  obvi< 
the  same  as  the  upper  group  of  the  R< 
section  and  then  penetrated  187  feet  of  igr 
rock.  This  rock  is  a  part  of  a  great  intr 
sheet,  which  is  very  prominent  farther  s 
but  which  does  not  extend  northward  U 
Rogers  mine.  Apparently  it  is  not  th( 
trusive  sheet  of  the-  two  drill  records  previa 
given,  but  one  at  a  lower  horizon.  It  und- 
the  coal  beds  at  Madrid,  as  is  well  shov 
Johnson  s  section.^*** 
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A  second  group  of  coal  beds,  penetrated  by 
(he  drill  below  the  sheet  of  igneous  rock,  seems 
to  be  the  same  as  the  lower  group  of  developed 
coals  of  the  Rogers  section  and  the  middle  group 
of  the  1,602-foot  drill  record.  This  correlation 
of  the  groups  of  coal  beds  at  the  several  lo- 
calities described  seems  relatively  simple,  but 
it  is  not  so  easy  to  correlate  the  individual  beds. 
The  upper  group  of  the  Waldo  Mesa  drill  record 
corresponds  in  a  general  way  to  the  group  of 
coals  developed  at  Madrid,  but  for  some  un- 
known reason  there  are  fewer  coal  beds  than  at 
Madrid.  It  is  possible,  on  the  one  hand,  that 
tiie  Waldo  Mesa  coal  beds  represent  those  near 
the  horizon  of  the  Cook  &  White  coal  of  the 
Madrid  section  and  that  the  higher  beds  were 
eroded  previous  to  the  deposition  of  the  Galisteo 
sandstone  at  the  Waldo  Mesa  locality.  On  the 
other  hand,  it  seems  probable  that  the  Waldo 
Mesa  coals  may  correspond  in  position  with  the 
higher  ones  of  the  Madrid  section  and  that  the 
lower  beds  of  Waldo  Mesa  may  have  been 
destroyed  by  the  intrusion  of  the  igneous  rock. 
The  rock  formations  near  the  base  of  the 
Cretaceous  are  well  exposed  in  Canyon  del  Yeso 
about  2  miles  north  of  Galisteo  Creek  (PI, 
XXIX,  B),  where  the  following  section  was 
measured  and  fossils  collected.  That  part  of 
the  Mancos  shale  lying  stratigraphically  above 
this  section  was  found  to  be  fossihferous  in 
many  places,  but  it  does  not  lend  itself  readily 
to  measurement. 
Section  ofrixki  vieatiired  in  Canyon  del  Yeio,  about  i  milet 

north  of  Galiiteo  Cretlc. 
Haiicoa  ehale:  Fwt. 
Limeslnno  and  shale  in  alternate  layeni,  con- 
taining Inoceramut  labiatus  Schlotheim  (hori- 
zon of  Greenhorn  limestone) 15 

Shale  containing  PrionotrapU  8p 100± 

SandatODO  (Trea  Hennanoa),  hard,  qiiartzone, 
with  sparkling  sand  graios,  brown  to  yellow; 
in  thin,  irr^ilar  layers,  with  numeraue  worm 
borings  and  various  indefinite  markings.  In 
the  lower  10  feet  the  layers  of  sandstone  are 

separated  by  thin  layers  of  shale 25 

Sandstone,  containing  In,oceram\aBp,  and  Pinna 


Dakota  fcraiatioa: 

Sandelone,  coaglomeratic  at  the  base 

Shale,  mndy  near  the  top 

Sandstone,  coarse  grained,  oroas-bedded,  white. 
Morriaon  formation: 

Sandstone  and  ehale,  vari^t«d. 
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Shale  iga.'<troj)od  zone),  dark,  with  c< 
of  earthy  limestone  20  feet  from  the  lop. 
Some  of  the  ron<Tetions  are  foaaiiiferous  and 
weather  to  a  nisty  yellow  powder  around  the 
fossils,  rendering  specific  identification  diffi- 
cult. From  these  concretions  (U.  S,  Geol. 
Survey  locality  353G)  were  oblained  0»trta 
ap,,  Ezogyra  coiumJjella  Meek,  Plioatvla  sp., 
Limaep.,  Pinna  sp.,  JncAura  sp 


10 


An  effort  was  made  to  recognize  in  this  sec- 
tion the  several  zones  described  from  the  lower 
part  of  the  Rogers  section  3  miles  farther  south. 
The  sandstone  and  shale  here  referred  to  the 
Morrison  is  similar  lithologically  to  the  varie- 
gated beds  below  the  10-foot  conglomerate  in 
the  Morrison  of  the  Rogers  section.  The  40- 
foot  conglomeratic  sandstone  is  referred  to  the 
Dakota  and  the  lower  sandstone  70  feet  thick 
is  probably  also  Dakota,  although  it  may  be 
equivalent  to  the  beds  of  the  Rogers  section 
lying  below  the  conglomeratic  Dakota  and 
riiere  referred  with  some  doubt  to  the  Morrison 
because  it  differed  lithologically  from  the  over- 
lying Dakota.  The  rocks  above  the  Dakota  in 
Canyon  del  Yeso  are  the  Bamo  as  those  simi- 
larly situated  in  the  Rogers  section.  The  70- 
foot  shale  corresponds  in  position  to  the  shale 
containing  the  gastropod  zone  and  the  35  feet 
of  sandstone  above  it  to  the  Tres  Hennanos 
sandstone  of  the  Rio  Puerco  field.  The  Green- 
horn limestone  horizon  was  recognized  by  its 
characteristic  fossil  Inoceramus  labiatvs.  Two 
hundred  feet  or  more  stratigraphically  higher 
in  the  section  there  is  a  zone  about  50  feet 
thick  containing  large  concretions  of  limestone, 
many  of  which  are  fossiliforous  (U.  S.  Geol. 
Survey  fossil  locality  480)  and  contain  Inoce- 
ramus  fra^Uis  Hall  and  Meek,  RosteUites  sp.  ?, 
Prionotropis  sp.,  Pachydiscus  n.  sp.  Some  of 
the  ammonites  are  very  large:  Pachydiscue,  the 
largest  found,  probably  measured  2  to  3  feet 
across  when  complete,  but  only  a  small  part  of 
it  was  obtained.  About  100  feet  stratigraph- 
ically above  the  concretion  zone  some  thin 
layers  of  Hmestone  (U.  S.  Geol.  Survey  fossil 
locality  3542)  in  the  shale  yielded  Ostrea  ap., 
luoceramns  fragUia  Hall  and  Meek,  Inocerarmis 
sp.  related  to  /.  dimidius  White,  Scaphitea  war- 
reni  Meek  and  Haydcn,  and  Prionotropis  sp. 

East  of  the  Canyon  del  Yeso  locality  the 
surface  is  nearly  level  and  the  shale  is  more  or 
less  covered  with  soil.  However,  in  a  smaE 
ridge  about  1,800  feet  to  the  east,  at  a  some- 
what higher  horizon,  a  few  poorly  preserved 
specimens  of    Inoceramus    (either   Inoceramut 
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deformia  Me^k  or  a  variety  closely  resembling  it) 
were  found.  Tliis  fossil  is  considered  definite 
enough  to  correlate  the  rocks  yielding  it  with 
the  Niobrara.  About  a  mile  farther  east  and 
at  a  still  higher  horizon  the  shale  contains 
numerous  very  fossUiferous  limestone  concre- 
tions, which  probably  represent  the  zone  of 
concretions  near  the  top  of  the  Mancos  shale 
that  yielded  the  fossils  (lots  7164  and  7165) 
named  in  the  Rogers  section.  The  following 
species  were  collected  from  these  concretions: 

Pomli  oolUiitd  about  5  miUt  norAteett  of  Cerrillot,  N.  Jfex. 
[U.  B.  0«l.  Snrvty  iDSSil  looalltles  K3a  and  TI6fi.] 

Ostreasp. 

Exogyra  ponderoea  Roemer. 

Inocer&mua  aogeiiBia  Owen. 

Inoceramua  irregularie  Johiuon. 

Inoc«nuniu  ep. 

Ledft  ep. 

CucullaeaT  ep. 

Nucula  sp. 

Cardium  ep. 

Astarteep. 

Creeeatelfilca  shumardi  Meek. 

Cyprimeria  sp. 

Liopisthu  undata  Meek  and  Hayden. 

Corbiila  8p. 

Mactra?  ap. 

Gjnrodee  ep. 

Anchura  ap. 

Nautilus  dekayi  Morton. 

Baculitee  aaper  Morton. 

HamitcB  ep. 

Placenticeras  planum  Hyatt. 

Place  Dliceras  rotundatum  Jobneon. 

Placenticeras  saucarloBenBe  Hyatt. 

Placenticeras  ep. 

Stantosoceraa  paeudocoatatua  Johnson. 


In  commenting  on  the  age  relations  of  th 
fossils,  Stanton  states  that  they  are  about 
same  as  those  from  the  top  of  the  Mancos  n 
R<^ers,  of  which  he  says: 

The  fauna  is  related  to  the  Gulf  and  Atlantic  c 
Cretaceous  faunae  more  closely  than  to  those  of  the  Rt 
Mountain  region.  Its  horizon  is  believed  to  be  a  e 
distance  above  that  of  the  Austin  chalk  and  the  Niob 
limestone;  that  is,  in  the  lower  part  of  the  Montana  gn 
This  locality  is  near  the  place  at  which  Jo 
son  "  collected  the  fossils  described  by  him 
Pierre: 

Two  miles  southwest  of  Santa  Rosa  Mountain,  where 
main  wagon  road  leavee  the  basalt-capped  mesa  for 
valley  below,  there  are  exposed  in  the  valley  at  the 
of  the  mesa  fosBiliferous  shales  and  sandstones.  The 
posure  is  not  large,  but  a  small  arroyo  has  removed  s 
of  the  looser  shales,  leaving  still  in  place  the  calca^ 
nodules  in  which  the  fossils  are  most  abundant. 
The  following  species  were  collected  at  this  localit 

Ostrea  congesta  Conrad?? 

Protocardia  rara  Evans  and  Shumard? 

Astarle  evansi  Hall  and  Meek. 

Nucula  subplana  Meek  and  Hayden. 

Solen  cuneatuB  Gabb? 

Lingula  subspatulota  Hall  and  Meek. 

Tritooium  kanabense  Stanton. 

Naticasp.  undet. 

Baculites  anceps  T,am»rck. 

Helicoceras  parienso  AMiite? 

Beryx  sp,  undet. 

Area  madridepsis  Johnson? 

Cyprimeria?  Bulcota  Johnson. 

Turritella  galiateoensis  Johnson, 

Admetopsis?  elevata  Johnson. 

As  no  sandstone  was  found  by  the  writei 
this  locaUty,  it  is  probable  that  the  fossils  ■ 
lected  by  him  are  slightly  lower  in  the  sect 
than  those  collected  by  Johnson. 


Chapter  5.— SUMMARY  OF  STRATIGRAPHIC  AND  STRUCTURAL  RELATIONS. 


That  the  Vermejo  formation  of  the  Raton 
Mesa  region  and  the  Canon  City  field  is  of 
Montana  age  and  essentially  equivalent  to  the 
Fox  Hills  of  the  Denver  Basin  seems  to  be 
well  established.  If  the  Fox  Hills  sandstone 
of  this  basin  is  equivalent  in  time  to  the  typical 
Fox  Hills  of  North  Dakota,  and  if  the  Vermejo 
is  essentially  equivalent  in  age  to  the  Mesa- 
verde  of  western  Colorado  as  shown  in  this 
paper,  this  relation  becomes  somewhat  difficult 
of  comprehension,  but  may  still  be  correct,  as 
the  writer  has  shown,^'  on  the  principle  that 
beds  may  be  homogenetically  equivalent  and 
yet  different  in  actual  age.  On  the  other 
hand,  it  is  possible  (1)  that  the  so-called  Fox 
Hills  of  the  Denver  Basin  is  somewhat  older 
than  typical  Fox  Hills,  and  (2)  that  the  Fox 
Hills  may  not  be  as  near  the  top  of  the 
Cretaceous  in  the  time  scale  as  has  generally 
been  supposed.  In  attempting  to  correlate  the 
Cretaceous  formations  from  the  Denver  Basin 
around  the  north  end  of  the  southern  Rocky 
Moimtains  Heroy  ^*'  reached  the  conclusion 
that  the  so-called  Fox  Hills  of  the  Denver 
Basin  is  essentially  equivalent  to  the  Mesa- 
verde  of  southern  Wyoming.  The  latter,  in 
turn,  is  practically  continuous  with  the  Mesa- 
verde  of  west-central  Colorado,  which  the 
writer  regards  as  younger  than  typical  Mesa- 
verde  and  as  equivalent,  at  least  homoge- 
netically, to  the  Fox  Hills  and  Laramie 
of  the  Denver  Basin.^^'  This  correlation  is 
not  generally  accepted  at  present  and  the 
Laramie  of  the  Denver  Basin  is  usually  re- 
garded as  the  youngest  possible  Cretaceous. 
However,  the  upper  surface  of  this  formation 
is  one  of  erosion,  and  it  is  evident  that  what  is 
left  of  the  formation  belongs,  in  the  theoretical 
time  scale,  somewhere  below  the  top  of  the 
Cretaceous — how  much  below  remains  for 
future  investigation. 

Another  method  of  correlating  the  beds  of 
the  several  fields  surrounding  the  mountains 
is  based  on  the  theory  that  the  formations 
were  once  continuous  over  the  mountain  region 
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and  that  the  stratigraphic  succession  on  oppo- 
site sides  should  be  comparable.  This  theory 
has  been  developed  by  the  writer  in  a  separate 
paper.""  The  relation  between  the  Raton 
Mesa  region  and  the  San  Juan  Basin  is  illus- 
trated in  the  section  shown  in  figure  16. 

The  invertebrates  from  the  upper  part  of  the 
Pierre  shale  in  the  Raton  Mesa  region  denote 
Pierre  age,  although  not  certainly  the  latest 
Pierre.  Stanton  says  of  this  fauna,  "  While  it 
is  typical  of  the  Pierre  shale  it  has  a  consider- 
able range  within  it.  From  the  material  at 
hand  it  is  not  possible  to  recognize  definite 
restricted  zones. '^  This  fauna  is  similar  to 
that  of  the  Lewis  shale  as  represented  at 
Dulce,  N.  Mex.,  and  tends  to  correlate  the 
Lewis  with  the  upper  part  of  the  Pierre  of  the 
Raton  Mesa  region,  but  as  this  fauna  has  a 
considerable  range  within  the  Pierre  the  simi- 
larity of  the  faunas  can  not  be  regarded  as 
invalidating  other  evidence. 

The  typical  Mesaverde  of  the  northern  part 
of  San  Juan  Basin  has  yielded  a  few  inverte- 
brates, which  are  only  sufficient  to  show  that 
they  belong  to  the  fauna  of  the  Montana  group. 
In  the  Mesaverde  of  the  southeastern  part  of 
this  basin  and  in  the  coal  fields  farther  south 
in  north-central  New  Mexico  the  rocks  here 
classed  as  Mesaverde  contain  a  fauna  which  is 
not  yet  fully  studied,  but  which,  according  to 
Stanton,  is  closelv  related  to  the  fauna  of  the 
Gulf  coast,  especially  as  developed  in  south- 
western Texas.  As  this  fauna  is  not  known 
north  of  New  Mexico,  it  is  not  available  for 
correlation  with  formations  in  other  parts  of 
the  Rocky  Mountain  region. 

The  Trinidad  sandstone  of  the  Raton  Mesa 
region  has  jdelded  a  few  fossUs,  but  these  are 
not  sufficiently  characteristic  for  a  positive  de- 
termination of  age.  Some  of  them  differ  but 
httle  from  those  of  the  underlying  Pierre  shale. 
Others  tend  to  show  that  the  sandstone  is  of 
Fox  Hills  age. 

The  Vermejo  formation  of  the  Raton  Mesa 
region  has  yielded  practically  no  invertebrates, 
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but  a  few  have  been  found  in  the  Canon  City 
field.  The  occurrence  of  these  shells  in  the 
middle  of  the  Vermejo  tends  to  strengthen  the 
evidencfl  of  the  plants  that  this  formation  is  of 
Montana  age. 

A  considerahlo  number  of  invertebrates  have 
been  collected  from  the  "Laramie"  of  the 
northern  part  of  the  San  Juan  Basm.  Here 
again  there  is  apparent  conflict  between  the 
evidence  of  the  invortobratea  and  of  the  plants. 
The  age  of  the  "Laramie''  formation  of  this 
basin  has  an  intimate  bearing  on  the  length  of 
time  represented  by  the  unconformity  at  the 
top  of  the  formation.  If  the  Animas  formation 
is  of  Tertiary  age,  as  the  writer  believes,  and  the 
"Laramie"  b  of  Montana  age,  as  the  plants  in- 
dicate, the  unconformity  must  represent  a 
greater  hiatus  than  it  would  if  the  so-called 
"Laramie"  were  of  Laramie  age— that  is, 
youngest  Cretaceous.  The  importance  of  this 
question  in  the  present  discussion  warrants 
comparison  with  the  nearest  coal  field  to  the 
north,  namely,  the  Grand  Mesa  field,*"  al- 
though it  has  already  been  described  in  some 
detail  in  a  previously  published  paper."' 

The  Grand  Mesa  field  lies  in  the  southern  part 
of  Uinta  Basin  and  about  100  miles  north  of 
the  San  Juan  Basin.  The  two  basins  are  simi- 
larly situated  with  respect  to  the  mountains, 
and  although  they  are  now  separated  by  up- 
lifted areas  from  which  such  younger  Creta^ 
ceous  rocks  as  may  have  existed  have  been  re- 
moved by  erosion,  there  is  no  evidence  that 
they  were  separate  basins  of  deposition,  and 
there  are  some  indications  "'  that  the  rock  for- 
mations in  these  basins  once  extended  continu- 
ously over  the  intervening  area. 

The  "Laramie"  formation  of  southwestern 
Colorado,  consbting  of  a  basal  sandstone  (the 
Pictured  Cliffs  sandstone),  containing  marine 
invertebrates  and  overlain  by  coal-bearing 
shale  and  sandstone  that  contain  brackish- 
water  invertebrates — neglecting  for  the  present 
other  fossils — is  comparable  both  lithologically 
and  faunally  to  the  Rollins  sandstone  of  the 
Grand  Mesa  field  with  its  marine  invertebrates 
overlain  by  coal-bearing  sandstone  and  shale 
(the  Bowie  shale  member  of  the  Mesavcrde  with 
itB  marine  and  brackish-water  invertebrates). 
The  writer,  who  has  examined  these  formations 
in  both  basins,  has  been  impressed  with  the 
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similarity  between  the  '*  Laramie '*  of  south- 
western Colorado  and  the  lower  part  of  the  so- 
called  Mesaverde  of  the  Grand  Mesa  field  (the 
Rollins  sandstone  and  Bowie  shale).  Although 
a  number  of  fossils  were  foimd  in  the  Rollins 
sandstone  few  are  specifically  identifiable  and 
must  be  neglected  in  comparing  the  faunas 
of  the  Grand  Mesa  Mesaverde  with  the  ^^  Lara- 
mie'' of  the  San  Juan  Basin.  Of  the  26  fossil 
forms  from  the  Bowie  shale '^  15  are  specifi- 
cally identified  and  are  therefore  available  for 
comparison.    Of  this  fauna  Stanton  says: 

They  consist  of  (1)  marine  Cretaceous  fossils  belonging 
to  the  fauna  of  the  Montana  group;  most  of  the  species 
have  a  considerable  vertical  range,  many  of  them  occurring 
in  both  the  upper  part  of  the  Mancos  and  the  lower  part  of 
the  Mesaverde,  so  that  there  is  no  sharp  faunal  distinction 
between  Mancos  and  the  marine  portions  of  the  Mesa- 
verde; (2)  brackish- water  species — types  that  occur  in  the 
Laramie  and  also  in  lower  horizons  like  the  Mesaverde  and 
Judith  River  in  the  Montana  group. 

Of  these  15  species  9  have  been  found  in  the 
''Laramie'*  of  southwestern  Colorado  but  few 
of  them  in  the  typical  Mesaverde.  The  absence 
of  many  of  them  from  the  original  Mesaverde 
may  be  due  to  the  want  of  favorable  condi- 
tions of  preservation,  but  there  is  at  least  a 
temptation  to  regard  the  similarity  between  the 
faxmas  as  indicating  that  the  so-called  Mesa- 
verde of  Grand  Mesa  is  more  closely  related  to 
the  ** Laramie'*  of  the  San  Juan  Basin  than  to 
the  typical  Mesaverde  of  this  basin.  Further- 
more, if  the  Bowie  fauna  of  Grand  Mesa  indi- 
cates Montana  age  the  same  fauna  from  the 
'* Laramie'*  should  indicate  Montana  age  and 
thus  agree  with  the  flora  of  the  '* Laramie" 
of  southwestern  Colorado,  which  Knowlton 
maintains  is  Montana.^ 

In  all  the  areas  here  described  rocks  of  un- 
doubted Cretaceous  age  are  separated  by  an 
unconformity  from  later  rocks,  which  the  writer 
regards  as  Tertiary,^*®  although  no  evidence 
of  Tertiary  age  has  been  found  in  some  of  them 
aside  from  the  lithologio  character  and  their 
conformable  relations  with  the  Cretaceous  in 
the  Hagan,  Cerrillos,  and  Rio  Puerco  fields. 
These  latter  beds  rest  on  the  Mesaverde.  In 
the  San  Juan  Basin  they  rest  on  ''Laramie"  or 
older  formations,  according  to  location.  (See 
fig.  13,  p.  179.)  In  the  fields  described  east  of 
the  moimtains  the  Tertiary  Ues  unconf ormably 
on  the  Vermejo  formation,  Trinidad  sandstone, 
and  Pierre  shale.     (See  PI.  V,  p.  56,  and  fig.  11, 

1  See  footnote,  p.  184. 


p.  169.)  So  far,  therefore,  as  can  be  determined 
by  correlation  of  formations,  the  erosion  re- 
sulting in  the  unconformity  on  either  side  of 
the  mountains  took  place  at  the  same  time 
and  is  therefore  to  be  regarded  as  the  same  un- 
conformity. Furthermore,  this  unconformity 
has  been  shown  ***  to  be  approximately  equiva- 
lent in  time  to  the  unconformity  in  the  Gulf 
Coast  region,  which  has  been  established  in  a 
marine  section  **'  and  is  accepted  by  all  geolo- 
gists as  marking  the  separation  between  Cre- 
taceous and  Tertiary. 

The  correlation  indicated  by  fossil  plants  be- 
tween the  early  Tertiary  formations  of  the 
Gulf  coast  and  the  Raton  formation  is  in  har- 
mony with  the  principles  of  diastrophism  that 
seem  to  be  applicable  and  effective  in  estab- 
lishing the  line  of  separation  between  Cre- 
taceous and  Tertiary  in  the  Rocky  Moimtain 
region,  where  the  significance  of  other  criteria 
has  been  seriously  questioned. 

Some  of  the  broad  phases  of  the  relation  of 
the  Cretaceous  and  early  Tertiary  formations 
to  the  Rocky  Mountains  have  been  described 
by  the  writer  in  a  paper  already  published,*** 
although  it  deals  with  data  assembled  mainly 
for  the  present  one.  In  that  paper  it  was 
shown  that  the  Cretaceous  formations  probably 
extended  at  one  time  continuously  over  the 
present  site  of  the  southern  Rocky  Mountains, 
and  that  similar  formations  on  opposite  sides 
of  the  mountains  may  be  more  nearly  time 
equivalents  than  has  been  supposed  hitherto; 
also  that  aside  from  minor  warpings  of  the 
surface  that  may  have  caused  differences  in 
the  thickness  of  the  Cretaceous  sediments 
there  were  probably  no  orogenetic  disturb- 
ances in  the  southern  Rocky  Mountain  region 
during  Upper  Cretaceous  time  that  left  any 
notable  imprint  on  the  stratigraphic  record  that 
has  yet  been  recognized. 

The  principle  is  generally  accepted  that  the 
uplift  in  western  America  which  drained  the 
continent  and  culminated  in  the  formation 
of  the  mountains  marks  the  division  of  time 
between  Cretaceous  and  Tertiary,  but  there  is 
no  general  agreement  in  applying  this  princi- 
ple. It  is  a  matter  of  common  knowledge 
that  there  are  conspicuous  unconformities  at 
many  horizons  within  the  Tertiary  deposits 
of  the  mountain  region,  and  there  is  a  tendency 
on  the  part  of  some  geologists  to  regard  the 
most  obvious   unconformity   as  marking   the 
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separation  between  Cretaceous  and  Tertiary. 
This  tendency  has  been  expressed  by  Ran- 
some,^'  when  he  suggests  that  the  dividing 
line  should  be  drawn  at  the  top  of  the  Fort 
Union. 

In  this  connection  it  seems  appropriate  to 
call  attention  to  the  fact  that  the  most  con- 
spicuous unconformity  is  not  necessarily  the 
most  significant.  In  the  writer's  opinion  the 
first  of  a  series  of  movements  that  followed  a 
long  period  of  quiescence  and  ushered  in  a 
period  of  crustal  disturbances  like  that  of  the 
Tertiary  is  more  significant  in  delimiting  periods 
of  geologic  time  than  the  greatest  movement 
of  this  series.  Accepting  this  principle  it  is 
evident  that  the  first  well-marked  uncon- 
formity  above  rocks  of  undoubted  Cretaceous 
age  in  the  Rocky  Mountain  region  should  con- 
stitute the  line  of  separation  between  Cre- 
taceous and  Tertiary.  This  lowest  uncon- 
formity in  Colorado  and  New  Mexico  is  de- 
scribed in  this  paper  as  the  post-Cretaceous 
imconformity.  In  few  places  is  it  as  con- 
spicuous as  some  of  the  later  ones,  but  this 
'Could  scarcely  be  otherwise.  The  mountains 
did  not  spring  into  existence  in  a  day.  Their 
gradual  and  intermittent  rise,  which  culmi- 


nated in  the  present  mountains — if  indec 
culmination  has  yet  been  reached — ^was 
uraUy  accompanied  by  the  deposition  of  g 
ments  (such  as  those  of  the  Raton  forma 
and  others  described  as  early  Tertiary  in 
report),  which  indicate  processes  in  a  s< 
transitional  between  the  quiescent  ma 
conditions  of  Cretaceous  time  and  the  obvio 
violent  processes  of  Tertiary  time.  In 
writer's  opinion  the  change  in  character  f 
sedimentary  rocks  mainly  of  marine  origii 
those  of  nonmarine  or  upland  type  that  oc( 
at  the  unconformity  here  designated  as  p 
Cretaceous  in  all  of  the  fields  describee 
sufficient  in  itself  to  indicate  a  common  ca 
This,  taken  in  connection  with  the  structi 
paleontologic,  diastrophic,  and  paleophj 
graphic  evidence,  is  regarded  as  sufficiem 
warrant  placing  the  division  between  the  ' 
taceous  and  the  Tertiary  systems  at  the  loi 
unconformity,  as  has  been  done  in  this  pa 
A  further  refinement  may  be  applied  if  o 
sion  arises  for  apportioning  the  time  re 
sented  by  the  unconformity,  for  the  early  ] 
of  this  time  would  naturally  bo  includec 
the  Cretaceous  period  and  the  later  part  in 
Tertiary. 


FOSSIL  FLORAS  OF  THE  VERMEJO  AND  RATON  FORM 
TIONS  OF  COLORADO  AND  NEW  MEXICO. 


By  F.  H.  Knowlton. 


Chapter  1.— INTRODUCTION. 


PREVIOUS  PALEOBOTANIC  WORK. 

As  Mr.  Lee  has  presented  in  the  first  part 
of  this  report  a  very  complete  historical  review 
of  geologic  and  paleontologic  activities  in  the 
Raton  Mesa  region  of  Colorado  and  New  Mexico, 
only  a  brief  summary  of  the  paleobotanic  work 
within  the  area  is  here  necessary. 

So  far  as  I  know  the  first  fossil  plants 
obtained  in  the  Raton  Mesa  region  were  col- 
lected in  January,  1846,  by  Lieut.  T.  W. 
Abert.*  He  noted  the  presence  of  coal  beds 
hear  the  Raton  and  states  that  he  searched 
diligently  for  ferns,  which  he  presumed  would 
be  similar  to  the  ferns  associated  with  the  Car- 
boniferous coals  with  which  he  was  famihar  in 
Missouri.  But  ^' after  a  long  search  ho  was 
obliged  to  confess  that  there  were  none,"  and  he 
was  forced  to  be  content  with  bringing  back  a 
few  dicotyledonous  leaves.'  These  were  studied 
but  not  even  generically  named  by  T.  W. 
Bailey,  who  made  no  age  determination  other 
than  to  state  that  they  were  ''decidedly  far 
more  recent"  than  the  Carboniferous. 

The  first  fossil  plants  from  this  area  to  come 
imder  scientific  eyes  were  obtained  in  July, 
1867,  by  Le  Conte,'  while  serving  as  geologist 
on  the  Union  Pacific  Railroad  survey  from 
Smoky  Hill  River,  Kans.,  to  the  Rio  Grande. 
They  came  from  the  upper  end  of  Purgatoire 
Canyon  (near  what  is  now  the  mouth  of  Riley 
Canyon)  and  from  Raton  Pass,  about  1 J  miles 
south  of  Trinidad.  Their  age  was  thought  by 
Le  Conte  to  be  Cretaceous. 

*  Abert,  T.  W.,  Examination  of  New  Mexico  in  the  years  1846-47: 
aOth  Cong.,  1st  8688.,  8.  Doc.  23,  pp.  3-130,  1848;  £z.  Doc.  41,  pp. 
417-546, 1848. 

s  Tbe  three  leaves  figured  seem  to  he  identifiable  as  follows:  Fig.  1 
(plate  opposite  p.  522)  is  a  narrow  leaf,  apparently  a  Salix;  fig.  2  (op.  cit.) 
is  ftpparently  a  large  leaf  of  Fieua  schimperi  Lesquereux;  fig.  2  (opposite 
p.  547)  is  the  same  as  the  last. 

•  Le  Conte,  J.  L.,  Notes  on  the  geology  of  the  survey  for  the  extension 
of  tbe  Union  Pacific  Railway,  E.  D.,  from  the  Smoky  Hill  River,  Kans.> 
to  the  Rio  Grande,  pp.  18-26,  Philadelphia,  1868. 


The  Le  Conte  plants  were  submitted  for  sti 
to  Lesquereux,  whose  report  on  them  was  f 
published  in  1868  in  the  form  of  a  letter 
Hayden  ^  and  was  reprinted  without  chang< 
1873.*  From  the  Raton  Pass  material  Lesq 
reux  reported  four  species,  two  ol  wl: 
{BercheTTiia  parvifolia  and  Ahietiie^  duhi 
he  named  and  imperfectly  characterized; 
other  two  {Echitonium  sophiae  Weber  and  C 
namomum  affine  Lesquereux)  were  previoi 
known.  From  the  upper  end  of  Purgat^ 
Canyon  he  reported  a  single  species,  which 
named  Rhamnus  ohovatus,  but  it  was  not 
scribed  and  figured  until  many  years  la 
Lesquereux  concluded  that  the  plants  ii 
cated  Tertiary  age. 

The  next  collections  of  fossil  plants  from 

Raton  Mesa  region  were  obtained  by  Hayi 

in  the  summer  of  1869.     His  account  of  tl 

occurrence,  together  with  a  description  of 

general  geology  of  the  areas,  was  published 

1873.*     These   plants    also   were    studied 

Lesquereux.     As  they  were  the  first  consic 

able  collections  from  the  region  it  is  import 

to  fix  as  nearly  as  possible  their  exact  str 

graphic    position.     Hayden    first    visited 

Canon  City  coal  field.     At  a  point  about 

miles  below  Canon  City  he  examined'  a  sect 

in  which  he  found  a  layer  ''fuU  of  impressi 

of  deciduous  leaves,  Uke  Salix,  Platanus,  TM 

and   a  broad    flaglike    plant."     These,  as 

now  known,  belong  to  the  Vermejo  formati 

Of  the  Trinidad  region  he  writes:* 

On  the  hills  surrounding  Trinidad  are  great  quant 
of  deciduous  leaves  in  the  rocks.  The  most  conspicu 
as  well  as  abundant  fossil,  is  a  species  of  fan  palm,  undoi 

*  Ilayden,  F.  V.,  Notes  on  the  lignite  deposits  of  the  West:  Am. 
Sci.,  2d  ser.,  vol.  45,  pp.  207,  208, 1808. 

ft  Hayden,  F.  V.,  U.  S.  Geol.  Survey  Terr.  First,  Second,  and  T 
Ann.  Repts.,  pp.  195-197, 1873. 

*  Idem,  pp.  147-158. 
T  Idem,  p.  150. 

*  Idem,  P*  IM. 
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edly  Sabal  campbelli  [now  called  Sahalf  ungeri],  which 
occurs  in  the  lignite  beds  on  the  upper  Missouri.  This 
tree  would  seem  to  have  formed  the  dominant  tree  in 
ancient  times,  much  like  the  palmetto  of  South  Carolina. 
In  some  places  the  sandstones  are  filled  with  this  plant  for 
miles.  There  are  also  in  considerable  abundance  leaves 
of  the  Magnolia,  Plntanus^  Lauras,  etc.,  and,  so  far  as  I 
can  determine,  identical  with  the  species  foimd  on  the 
upper  Missouri.  I  do  not  doubt  for  a  moment  that  all  the 
coal  beds  of  the  Raton  Mountains  are  Tertiary  and  belong 
to  the  great  coal  system  which  has  already  been  traced 
over  such  a  wide  area. 

The  plants  collected,  which  without  doubt 
are  the  ones  labeled  ''Fischers  Peak,  Raton 
Mountains,  ^^  are  thus  seen  to  have  come  from 
above  the  unconformity,  from  beds  now  re- 
ferred to  the  Raton  formation,  a  position  cor- 
roborated by  the  finding  of  the  same  species 
by  later  students  in  beds  of  this  formation 
only. 

Lesquereux's  account  of  these  plants  was  not 
published  until  1872.  He  enumerated  21  spe- 
cies, 6  of  which  he  regarded  as  new  to  science. 
(The  present  disposition  of  these  species  is 
shown  on  p.  226.)  He  recognized  at  once 
the  Tertiary  facies  of  these  plants  and  their 
imdoubted  aflSnity  with  the  Tertiary  flora  of 
Mississippi.     On  this  latter  point  he  says:  ^ 

With  the  Mississippi  Tertiary  flora  it  has  as  identical 
sprdes  ♦  *  «  eight  species.  If  we  consider  that  this 
id  ntity  u  ioi  representatives  of  genera  of  distant  aflinity, 
wlich  at  ch«  same  time  are  all,  except  Cinnamomum, 
claracteriitir  of  our  present  flora— PopuZt«,  Quercus,  Mag- 
ru^lii,  Jugla-.s,  even  palms;  if  we  consider  still  that  this 
icie:  tity  is  r  jndered  positive  by  the  peculiar  and  easily 
ascertained  characters  of  the  species,  we  can  but  see  here 
and  acknowledge  an  evident  proof  of  the  homogeneity  of 
the  North  American  Tertiary  flora  in  comparing  it  even  at 
great  distances  under  the  same  latitude.  The  difference 
between  the  two  points  of  comparison  is  about  15°  of 
longitude. 

In  the  summer  of  1872  Lesquereux  himself 
was  commissioned  by  Hayden  to  make  explo- 
rations and  collections  in  the  west  with  the 
*'view  of  positively  ascertaining  the  age  of  the 
Lignitic  formation.^'  His  investigations  ex- 
tended from  the  Raton  Mountains,  Colo., 
through  the  Trinidad,  Canon  City,  Colorado 
Springs,  and  Denver  fields,  and  thence  along 
the  Union  Pacific  Railroad  as  far  west  as 
Evanston,  Wyo.  From  the  locality  which  he 
gives  simply  as  *^ Raton  Mountains,''^  but 
which  from  his  report  appears  to  be  confined  to 
the  immediate  vicinitv  of  Trinidad,  he  men- 

»  U.  S.  Oeol.  Survey  Terr.  Fifth  Ann.  Rept.,  for  1871,  Suppl.,  p.  19, 1872. 
«  U.  8.  Oeol.  Survey  Terr.  Sixth  Ann.  Rept.,  for  1872,  pp.  318-322, 1873. 


tions  only  6  species  from  the  upper  or  Raton 
formation,  none  of  which  was  an  addition  to 
those  previously  known  from  the  collections  of 
Le  Conte  and  Hayden.  However,  within  a 
mile  or  two  northwest  of  Trinidad  he  dis- 
covered a  locality,  evidently  in  the  lower  beds, 
where  a  heavy  flaggy  sandstone,  resting  con- 
formably on  the  surface  of  'Hhe  black  shale 
No.  4  of  the  Cretaceious''  (  =  Pierre),  was  filled 
with  fucoidal  remains.  As  regards  the  age  of 
this  hard  white  sandstone,  which  is  undoubt- 
edly what  is  now  known  as  the  Trinidad  sand- 
stone, Lesquereux  was  in  some  doubt  but  con- 
cluded that  it  occupied  a  ''kind  of  debatable 
groimd,  dubiously  referred  either  to  the  Cre- 
taceous or  Tertiary.^"  From  this  horizon  he 
described  seven  species  of  fucoids  and  a  single 
doubtful  fimgus,  all  but  one  being  new  to 
science.* 

In  1878  Lesquereux*  published  his  work  on 
the  Tertiary  flora,  which  was  really  a  contribu- 
tion to  the  Tertiary  flora  of  the  western  Terri- 
tories. So  far  as  regards  the  area  imder 
consideration  this  volimie  was  based  on  the 
material  already  known  from  the  collections  of 
Le  Conte,  Hayden,  and  Lesquereux  himself. 
This  material  was  simply  more  fully  described 
and  was  for  the  first  time  iUustrated.  In  dis- 
cussing the  age  of  the  beds  involved  Lesquereux 
again  correctly  referred  the  upper  coal  measures 
(now  the  Raton  formation)  to  the  Tertiary,  and 
in  reviewing  the  evidence  concerning  the  white 
fucoidal  sandstone  from  near  Trinidad,  he  pre- 
sumed that  Cretac-eous  No.  5  (Fox  Hills)  was 
absent  from  the  section  and  concluded  that 
these  beds  were  probably  best  regarded  as 
forming  the  basal  member  of  the  upper  series 
and  hence  were  also  of  Eocene  age.  It  may  be 
added  that  in  his  treatment  of  the  species  pre- 
viously eniunerated  from  the  Raton-Trinidad 
area,  he  omitted  several  which  were  probably 
merged  with  other  forms  and  made  no  clear 
record  of  such  disposition ;  and  he  also  changed 
the  generic  and  specific  designation  of  a  num- 
ber of  others.  A  record  of  these  emendations 
and  omissions  will  be  foimd  on  page  226. 

From  1878  to  about  1905,  when  interest  in 
the  field  was  renewed,  work  on  the  paleobotany 
of  the  Raton  Mesa  region  was  desultory  and 

»0p.  cit.,p.  319. 
*  Op.  cit.,  pp.  372-375. 

&  Contributions  to  the  fossil  flora  of  the  western  Territories;  the  Tertiary 
flora:  U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  7, 1878. 
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relatively  \mimportant.  In  1883  Newberry  * 
named  and  described  four  species  of  plants 
from  Vermejo  Canyon,  Fisher's  [Fisher]  Peak, 
and  North  Branch  of  Purgatoire  River, 
respectively.  These  were  more  fidly  described 
and  figured  in  1898.'  In  1883  the  age  of  the 
beds  had  come  to  be  regarded  as  Laramie,  and 
Newberry  so  referred  them,  apparently  on  the 
mistaken  assumption  that  they  were  of  the 
same  age  as  the  coal-bearing  rocks  of  the  Den- 
ver Basin,  which  had  come  to  be  known  as 
Laramie.  From  that  time  until  the  work  was 
done  that  has  resulted  in  the  present  paper 
no  critical  study  was  made  of  the  fossil  plants, 
and  this  erroneous  assumption  remained  un- 
challenged. 

The  only  other  paleobotanic  work  done  in 
this  field  is  my  own.  In  the  course  of  this  work 
I  have  made  a  number  of  preliminary  reports  at 
the  instance  of  several  geologists  connected  with 
the  United  States  Geological  Survey.  Thus  in 
1909  W.  T.  Lee  *  published  a  paper,  in  which, 
after  describing  the  physical  evidence  for  an 
unconformity  in  the  so-called  Laramie  of  the 
Raton  coal  field,  he  presented  a  tabular  list  of 
the  plants  from  the  beds  below  and  above  the 
imconformity,  and  reached  the  tentative  con- 
clusion that  the  lower  beds  are  older  and  the 
upper  beds  younger  than  the  Laramie. 

In  1908  G.  B.  Richardson  *  investigated  the 
coal  of  the  Trinidad  field  for  land-classification 
purposes  and  made  brief  mention  of  the  fossil 
plants  of  the  region.  He  noted  the  conglomer- 
ate now  known  to  mark  the  imconformity  but 
questioned  its  significance  and  referred  the 
whole  of  the  coal-bearing  rocks  tentatively  to 
the  Laramie,  pending  the  paleobotanic  study. 

As  it  has  been  decided  to  include  the  consid- 
eration of  the  Canon  City  field  with  that  of  the 
Raton  Mesa  region  brief  mention  may  be  made 
of  the  paleobotanic  activities  within  this  field. 
Although  both  Hayden  and  Losquereux  visited 
the  Canon  City  field  and  mentioned  the  abun- 
dant occurrence  of  fossil  plants  neither  appears 
to  have  made  collections;  in  any  event,  they  re- 

t  Newbsrry,  J.  S.,  Brief  descriptions  of  fossil  plants,  chiefly  Tcrtiarj*, 
from  western  North  America:  U.S.  Nat.  Mus.  Proc.,  vol.  5,  pp.  502-514, 
1883. 

•Newberry,  J.  S.,  The  later  extinct  Qoras  of  North  America:  U.  S. 
Geol.  Survey  Mon.  35, 1H98. 

•  Unconformity  in  the  so-called  Laramie  of  the  Raton  coal  field,  New 
Mexico:  Geol.  Soc.  America  Bull.,  vol.  20,  pp.  357-368, 1909. 

«  U.  8.  Qeol.  Survey  Bull.  381,  pp.  379-446,  1910. 
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corded  none.  About  1885  Mr.  George  Had< 
sometime  superintendent  of  the  coal  mine 
Coal  Creek  and  Rockvale,  made  a  very  con 
erable  collection  of  plants  which  ho  sole 
Mr.  R.  D.  Lacoo,  of  Pittston,  Pa.,  who  1 
donated  it  to  the  United  States  National 
seimi.  This  collection  was  studied  by  Lose 
reux,  who  prepared  a  voluminous  report  oi 
which,  however,  was  never  published.  ' 
material,  together  with  the  Losquereux  mi 
script,  has  been  available. 

At  apparently  about  the  same  time  Mr.  E 
den  made  another  and  still  larger  coUec 
for  Newberry,  who  partly  studied  it.  The 
plicate  material  was  sent  to  the  United  St 
National  Museum,  where  it  now  is  and 
other  and  undoubtedly  bettor  portion  was 
tained  and  is  now  in  the  New  York  Botari 
Garden,  Bronx  Park,  New  York  City.  N< 
ing  has  been  done  with  this  collection  s: 
Newberry's  death  except  that  the  ferns  \ 
worked  up  and  described  by  Hollick.^ 
species  established  by  HoUick  are  include* 
the  present  paper,  but  the  bulk  of  thecoUec 
remains  mistudied. 

In  1908  C.W.Washbume  •  spent  some  moi 
in  the  study  of  the  coal  and  oil  resources  of 
Canon  City  field  and  made  fragmentary  co" 
tions  of  plants.  These  were  identified,  so 
as  possible,  by  mo,  and  I  then  reached 
conclusion  that  the  lower  coal  beds  belor 
to  the  Montana  and  the  upper  beds,  above 
Rockvale  sandstone  member  of  the  Vem 
formation,  probably  to  the  Laramie.  T 
were  all  referred  to  the  Laramie  by  Washbu 
who  concluded  that  there  was  "no  good 
son  for  separating  these  lower  beds  from 
Laramie,  even  though  thoy  contain  an  uj 
Montana  flora."  Subsequent  investigat 
have  shown  that  the  whole  series  is  reforab] 
the  Montana. 

In  the  following  year  (1909)  I  spent  sev 
days  in  collecting  in  the  Canon  City  fi 
especiaUy  in  the  vicinity  of  Rockvale, 
was  able  to  obtain  sufficient  material 
fix  the  exact  horizon  whence  came  the  Had 
collections  (previously  in  doubt),  and  to  n 
certain  that  the  whole  section  is  part  of 
Montana. 

*  Ilollick,  Arthur,  Fossil  ferns  from  the  I^ramie  group  of  Col 
Torreya,  vol.  2,  pp.  145-14S,  pis.  3,  4, 1902. 
•U.S.  Oeol.  Surv-ey  Bull.  3S1,  pp.  341-37JS,  1910. 
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SYNONYMS  AND  CHANGES  OF   INTERPRETA- 
TION. 

As  a  considerable  number  of  changes  in  the 
names  and  disposition  of  species  have  been 
made  in  the  present  paper,  the  following  list  of 
such  changes  is  presented  for  the  convenience  of 
users  of  earlier  literature: 

AraucarUes  reichenbachi  G^mtz=S€quoia  reichenbachi. 
AspleniuTn  erosum  (Lesquereux)  Knowlton= Pteris  erosa. 
AspUnium  magnum  Knowlton.     Ilollick,  Torreya,  voL  2, 

p.  146,  pi.  4,  figs.  1,  2,  1902— Aspleniumf  coloradense. 
Berchemia  parinfolia  Leoqiiereiix—Berchemia  multinervU. 
Carex  berthoudi  Lesquereux,  U.  S.  GeoL  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.,  1872,  p.  377  [1873].    Apparently 
referred  by  error  to  Raton  Mountains. 
Carpolithus  spinosuB  Newberry  =  Carpolithes  spinosus. 
Ceanothus  Jibrillosus  Lesquereux = Zizyphus  fihrillosus. 
Ceanothus  m>eiggsii  Le9queTenx= Zizyphus  meiggsii. 
DeUsseria  incrasmta  ljeaq\iere\ix=CauUrpites  incrassatus. 
Delesseria  Hngulata  Lesquereux,  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.,  1872,  p.  374  [1873]=  Cau^er- 
pites  incrciasatus. 
Dombeyopgis  occiderUalis  Lesquereux =/Veru«  occidentalia. 
Ficus  arenacea  brevipetiolata  Lesquereux =i^ici«  uncata. 
Ficus  gaudini  Lesquereux =FicM«  uncata. 
Ficus  irregularis  (Lesquereux).    Lesquereux,  L^.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7,  p.  196,  pi.  63,  fig.  9  (not  of  pi. 
34,   figs.   4-7),   1878=Fici«  coloradensis  Cockerell,  in 
part==/Vcu«  regularis. 
Ficus  planicostata  latifolia  Lesquereux =/^tci^4  lati/olia. 
Ficus  spectabilis  Lesquereux =FtcM«  denveriana. 
Ficus  ulmi/olia  Lesquereux =^icu«  un:ata. 
Flabellariaf  longirachisf  linger.     Lesquereux,  U.  S.  Greol. 
and    Geog.    Survey    Terr.    Ann.   Rept.,   1873,  p.  396 
[IS7 4]=Creon(yniites  tenuirackis. 
Creonomites  ungeri  Lesquereux=^a6a//  ungeri. 
Halymenitts  minor  Fischer-Ostheim.    Lesquereux =//aZy- 

meniles  major. 
Juglans  smithsoniana  Lesquereux =^tcu«f  smithsoniana. 
Magnolia  attenuata  Weber.     Lesquereux,    U.    S.    Geol. 
Survey  Terr.  Rept.,  vol.  7,  p.  250,  pi.  45,  fig.  6,  1878= 
Magnolia  angustifolia. 
Magnolia  laurifolia  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  421,  pi.  20,  fig.  2  [not  fig.  1],  1%&9=- Magnolia 
hilgardiana. 
Magnolia  tenuinerv^is  Lesquereux  =  Magnolia  magni/olia. 
Nelumbium  lakesianum  Lesquereux =A^«/iim6o  lakesiana. 
Pecopteris  sepulta  Newberry.     Hollick,  Torreya,  vol.  2, 

p.  147,  pi.  3,  figs.  5,  oa,  ld02=0smunda  hollichi. 
Persea  lanci/olia  LesqueTeux= Nectandra  lanci/olia. 
Platanus  aceroides  Goppert.     Ueer,   Flora  tertiaria  Hel- 
vetiae,  vol.  2,  p.  71,  pi.  88,  figs.  13,  14,  lSb6=- Platanus 
guillelmae  heerii. 
Populus  monodon  Lesquereux,  L'.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7,  p.  180,  pi.  24,  figs.  1,  2, 1%1%= Ficus  uncata. 
Populus    mutabilis    repando-crenata    Ileer.     Lesquereux, 
U.  S.  Geol.  Survey  Terr.  Ann.  Rept.,  1871,  Suppl.,  p. 
13,  1872. 
Quercus  chlorophylla  Unger.     Lesquereux =Qt4ercu«  chloro- 

phylloides. 
Quercus  moorii  JAisqueTeux—Dryophyllum  moorii. 


Quercus  nerii/olia  Alexander  Braun.    Lesquereux,  U.  S. 

Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  150,  pi.  19,  fig.  5, 

lS7S^Apocynophyllum  lesquereuxii. 
Quercus  plataniaf  Heer.    Lesquereux,  U.  S.  Geol.  Survey 

Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  16,  1872.    A  mere 

fragment  not  afterward  recognized. 
Rhamnus  deletusf  Heer.    Lesquereux,  U.  S.  Geol.  Survey 

Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  15,  1872.    (Not  after- 
ward referred  to  by  Lesquereux.) 
Rhamnus rectinervis Heer.  Lesquereux,  U.S.  Geol.  Survey 

Terr.  Rept.,  vol.  7,  p.  279, 1878.     Incidentally  mentions 

its  occurrence  in  Raton  Mountains,  but  not  supported  by 

specimens. 
Sabal  communis  heequere\ix==  Flabellaria  eocenica. 
Sabal  campbelli  dewberry =Sabalf  ungeri. 
Sabal  grandifolia  Newberry =5a6o/f  ungeri. 
Sabalitcs  fructifer  Lesquereux,  U.  S.  Geol.  .Survey  Terr. 

Rept.,  vol.  7,  p.  114,  pi.  11,  fig.  3a  and  fruit  on  fig.  3, 

lS7S=tNyssaf  racemosa. 
SabaliUs  grayanus  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7,  pi.  12,  fig.  1  [not  pi.  12,  ^g.  2],  lS7S=Sabal 

montana. 
Sequoia  brevi/olia  Heer.    Lesquereux,  U.  S.  GeoL  Survey 

Terr.  Rept.,  vol.  7,  pi.  61,  figs.  25-27,  lS7S=^Sequoia 

obovata, 
Sphaeria  lapidea  Lesquereux =/{oMZZtnt^  lapideus. 
Sphaerites  lapideus  (Lesquereux)  Meschinelli=i^o«e//tnitef 

lapideus. 
Terminalia  radobojensis  Heer.    Lesquereux,  U.  S.  Geol. 

Survey  Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  15,  1872= 

Magnolia  angustifolia. 
Viburnum  anceps  Lesquereux =Ptotantt8  rhomboidea. 
Viburnum  mmgiruUum  Lesquereux,  U.  S.  Geol.  Survey 

Terr.  Rept.,  vol.  7,  pi.  38,  fig.  2,  1878=  Viburnum  con- 

tortum. 
Viburnum  pkUanoides  heoquereux^ Platanus  platanoides. 
Viburnum   whymperi   Heer.    Xrcsquereux,    U.    S.    Geol. 

Survey  Terr.  Rept.,  vol.  7,  p.  225,  pi.  61,  fig.  23,  1878= 

Viburnum  anomalinenmm . 
Zizyphus  distortus  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  voL  7,  p.  275,  pi.  51,  fig.  7  [not  figs.  8,  9],  1878= 

Zizyphus  Jibrillosus. 

THE  VERMEJO  FLORA. 

STBATIORAPHT. 

OETTERAL  CONSIDERATIONS. 

For  almost  a  quarter  of  a  century  previous 
to  the  beginning  of  detailed  work  (see  p.  224) 
the  coal-bearing  rocks  of  the  Raton  Mesa  re- 
gion of  Colorado  and  New  Mexico  were  sup- 
j)osed  to  belong  to  a  single  geologic  formation — 
the  Laramie.  The  demonstration  of  a  wide- 
spread unconformity  in  the  midst  of  this  sup- 
posedly continuous  sequence  natiu-ally  brought 
into  question  the  correctness  of  the  reference 
of  these  rocks  to  a  single  formation,  and  it  be- 
came necessary  to  interrogate  all  possible 
sources  of  information  as  to  their  bearing  on 
the  point  at  issue.     It  was  for  this  piurpose, 


INTRODUCTION. 


therefore,  that  the  present  paleobotanic  inves- 
tigation was  undertaken,  and,  without  unduly 
anticipating,  it  may  be  stated  that  it  has  fur- 
nished a  very  complete  demonstration  -of  the 
distinctness  of  the  age  of  the  beds  separated 
by  the  unconformity. 

The  present  study  is  based  on  most  of  the 
original  material  collected  by  Le  Conte,  Hay- 
den,  and  Lesquereux  and  reported  on  by  Les- 
quereux,  and  on  the  collections  recently  made 
by  Lee,  Richardson,  St.  John,  and  others, 
which  are  the  most  extensive  and  in  many  re- 
spects the  finest  material  thus  far  brought  to- 
gether from  any  horizon  within  the  Rocky 
Mountain  area. 

The  flora  of  the  coal-bearing  rocks  below  the 
imconformity — now  called  the  Vermejo  forma- 
tions-comprises 108  species  and,  as  will  be 
brought  out  subsequently, .  presents  a  remark- 
ably distinct  and  characteristic  aggregation  of 
plant  forms.  From  accurate  stratigraphic  data 
now  for  the  first  time  available,  it  appears  that 
only  about  seven  species  of  plants  contained 
in  the  old  collections  as  studied  by  Lesquereux 
came  from  horizons  now  known  with  reason- 
able certainty  to  be  below  the  unconformity, 
and  most  of  these  are  from  the  Trinidad  sand- 
stone. As  all  these  are  more  or  less  problem- 
atic organisms,  supposed  to  belong  to  Fungi 
and  Algae,  only  one  of  which  (Halymenites)  has 
ever  been  foimd  a  second  time  either  within  or 
without  the  Raton  Mesa  region,  their  influence 
in  settling  the  age  of  the  beds  whence  they 
came  has  been  relatively  sHght.  Lesquereux 
regarded  them  as  probably  transitional  between 
Cretaceous  and  Tertiary  but  finally  referred 
them  to  the  basal  Eocene.  It  was  not  until 
the  present  collections  were  studied  that  satis- 
factory conclusions  were  at  all  possible. 

SPECIES. 

As  a  preliminary  to  the  discussion  of  the 
Vermejo  flora  the  following  Ust  of  species  is 
presented: 

Forms  known  from  the  Vermejo  formation, 

f*8pecies  found  in  the  Raton  Mesa  region .  f  Species  found  in  the  Canon 
City  field.] 

*RoeeIliiiitefl  lapideus  (Lesquereux.)  Knowlton. 
♦fHalymenites  major  Lesquereux. 
*Halymenite8  striatus  Lesquereux. 
^Chondrites  bulbosus  I^esquereux. 
^Chondrites  subtdmplex  Lesquereux. 
*Caulerpite8  incrassatus  (Lesquereux)   Lesque- 
reux. 


fAcrostichum  haddeni  Hollick. 

fPolystichum  hillslanum  Hollick. 
*t?Pteris  russellii  Newberry. 
♦fPteris  erosa  Lesquereux. 

♦Pteris?  sp. 
♦fAsplenium?  coloradense  Knowlton,  n.  s 

fAsplenium  sp. 

♦Woodwardia  crenata  Knowlton. 

fStenopteris?  cretacoa  Hollick. 

tOsmunda  hollicki  Knowlton,  n.  sp. 

fOleichenia  rhombifolia  Hollick. 

fGleichenia  delicatula?  Heer. 

t Anemia  robusta  Hollick. 

fAnemia  supercretacoa  Hollick. 

♦Brachyphyllum  cf.  B.  macroc*arpum  Nei 

♦Abietites  dubius  Lesquereux. 

♦Geinitzia  formosa  Heer. 
♦fSequoia  reichenbachi  (Geinita)  Heer. 
*tSequoia  obovata  Knowlton,  n.  sp. 

♦Widdringtonia?  complanata  Lesquereux 

♦Taxodium?  sp. 
♦fCupressinoxylon  coloradense  Knowlton, 

tCupressinoxylon?  vermejoense  Knowltoi 

♦Sparganium?  sp. 
♦fSabal  montana  Knowlton,  n.  sp. 

♦Sabal?  ungeri  (Lesquereux)  Knowlton,  n 
♦fCanna  magnifolia  Knowlton,  n.  sp. 

tCanna?  sp. 

fJuglans  coloradensis  Knowlton,  n.  sp. 

fJuglans  similia  Knowlton,  n.  sp. 
♦fMyrica  torreyi  Lesquereux. 

fMyrica  coriacca  Knowlton,  n.  sp. 

♦Salix  gardneri  Knowlton,  n.  sp. 
♦fSalix  plicata  Knowlton,  n.  sp. 

♦Salix  sp.  a. 

♦Salix  sp.  b. 

tSalix  sp.  c. 

♦Populus?  neomexicana  Knowlton,  n.  sp 

♦Quercus  gardneri  Knowlton,  n.  sp. 

tQuercus  rockvalensis  Knowlton,  n.  sp. 

tDryophyllum  bnineri  Ward. 

fFicus  dalmatica  Lesquereux. 
♦fFicus  haddeni  Knowlton,  n.  sp. 

fFicus  eucalyptifolia  Knowlton,  n.  sp. 
♦fFicus  leei  Knowlton,  n.  sp. . 

♦Ficus  minima  Knowlton,  n.  sp. 

fFicus  newberryana  Knowlton,  n.  sp. 

♦Ficus?  starkvillensis  Knowlton,  n.  sp. 
*f  Ficus  praetrinerv'is  Knowlton,  n.  sp. 

fFicus  regularis  Knowlton,  n.  sp. 

fFicus  rhamnoides  Knowlton. 

fFicus  rockvalensis  Knowlton,  n.  sp. 
*f  Ficus  speciosissima  Ward. 

fFicus  tessellata  Knowlton,  n:  sp. 
*f  Ficus  wardii  Knowlton. 

*Ficus  gigantea  Knowlton,  n.  sp. 

fFicus  curta  Knowlton,  n.  sp. 

fFicus  sp. 

*Artocarpus  dissecta  Knowlton,  n.  sp. 

*Credneria  protophylloides  Knowlton,  n. 

f  Laurus  coloradensis  Knowlton,  n.  sp. 

*Liriodendron  alatum  Newberry. 

fPlatanus?  sp. 
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tAmelanchier  obovata  Knowlton,  n.  sp. 

fPhaseoIites  orassus  Knowlton,  n.  sp. 

fPhaseolites  leei  Knowlton,  n.  sp. 

*Phaseolites  minutus  Knowlton,  n.  sp. 

*Colutea  speoioea  Knowlton,  n.  sp. 

tCeloHtnis  haddeni  Knowlton,  n.  sp. 

tC^clastnis?  hesperiiis  Knowlton,  n.  sp. 

*Celafltnis?  sp. 

♦fKhamnus  salicifolins  Lesquereux. 
*Ziz>TiliU8  paliurifoliiis  Knowlton,  n.  sp. 

*Sterciilia  coriaoea  Knowlton,  n.  sp. 
*tPtero8permiteH  undiilatus  Knowlton. 

*Pteroepermites  wardii  Knowlton. 

*PteroHpermitep  nervosiis  Knowlton,  n.  sp. 

*ITedera  rotundifolia  Knowlton,  n.  sp. 

*Vitis?  frajjmenta  Knowlton,  n.  sp. 

^Cissitcs  panduratus  Knowlton,  n.  sp. 

*Diospyro8?  leei  Knowlton,  n.  sp. 

*Fraxinii8?  sp. 

*Vibiirnuni  anomalinervum  Knowlton,  n.  sp. 

tViburnum?  hes]>erium  Knowlton,  n.  sp. 
*t Viburnum  montanum  Knowlton. 

fVibumum?  problematicum  Knowlton. 

tViburnum  simile  Knowlton,  n.  sp. 

*Viburnum  orassum  Knowlton,  n.  sp. 

*Viburnum  rhamnifolium  Knowlton,  n.  sp. 

tViburnum  sp. 
*tPalaeo8ter  inquirenda  Knowlton,  n.  gen.  and  sp. 

♦Seedling  plant? 

*Phyllite8  aurantiacus  Knowlton,  n.  sp. 

•Phyllitea  leei  Knowlton,  n.  sp. 

*Phyllitoe  nanus  Knowlton,  n.  sp. 

*PhylUte8  populoides  Knowlton,  n.  sp. 

tPhyllites  protophylloides  Knowlton,  n.  sp. 

•Phyllites  rosaefolius  Knowlton,  n.  sp. 

*Phyllites  sapindus  Knowlton,  n.  sp. 

tPhyJlites  castalioides  Knowlton,  n.  sp. 

*Phyllite8  walsenburgensis  Knowlton,  n.  sp. 

*Phyllite8  vermejoensis  Knowlton,  n.  sp. 

*Phyllite8  ratonemds- Knowlton,  n.  sp. 

Of  the  108  forms  *  comprising  the  Vermojo 
flora  14  are  more  or  less  fragmentary  and  have 
not  been  given  specific  names,  and  no  less 
than  61  are  regarded  as  being  new  to  science. 
The  remaining  33  forms  were  previously  known, 
and  most  of  them  have  been  found  outside  the 
Raton  Mesa  region. 

The  Vermejo  flora  is  immistakably  Creta- 
ceous in  aspect.  Thus,  there  may  be  noted 
such  distinctiv(»ly  Cretaceous  forms  as  Haly- 
m^niies  major,^  BrachypliyUum  macrocarjmmy 
Geinitziu  formosdj  Sequoia  reiclienbachij  Wood- 
vxirdia  creruit(iy  Widdringtonm  complanaia,  the 
genera    Credneri<ij    ( rUicJienia-y    Ptei'ospermiteSy 

1  The  list  includes  a  few  forms  from  the  Trinidad  sandstone  that  are 
so  closely  related  to  those  of  the  Vermejo  that  it  has  been  deemed  wise 
to  include  them  in  the  Vermejo  flora. 

«  This  fjrm  occurs  lielow  but  nowhere  higher  than  the  Upper  Creta- 
ceous, except  in  the  Cannonball  member  of  the  Lance  formatjon.  Its 
mftTimiiTn  distriljution  is  in  or  near  the  Fox  Hills. 


etc.  So  far  as  known  not  one  of  these  forms 
has  been  found  above  the  Cretaceous  or,  for 
that  matter,  above  the  Montana. 

Following  is  a  list  of  Vermejo  species,'  most 
of  which  ocxjur  at  Point  of  Rocks  and  on  the 
Laramie  Plains  in  Wyoming,  at  Coalville  in 
Utah,  and  elsewhere  outside  the  Raton  Mesa 
region. 

Vermejo  plants  vith  outside  distnbtition, 

Haljineniles  major. 

Woodwardia  crenata. 

Pteris  eroea. 

Anemia  superoretacea. 

BrachypliyUum  macrocarpum. 

Geinitzia  formoea. 

Sequoia  reichenbaclii. 

Sequoia  ohovata. 

Widdrin^nia?  complanata. 

Sabal  montana.  • 

Sabal?  unc:eri. 

Myrica  torreyi. 

Jup:lans  similid. 

Ficus  dalmatica. 

Ficufl  wardii. 

Ficus  regularia. 

FicuB  rhamnoides. 

Ficus  sperioeissima. 

Ficus  euralyptifolia. 

Rhamnus  salicifolius. 

Pteroepermites  undulatus. 

Pterospermitcs  wardii. 

Viburnum  montanum. 

Viburnum  problematicum. 

The  geologic  positions  of  the  localities  with 
which  the  Vermejo  flora  has  species  in  common 
are  as  follows:  Point  of  Rocks,  Wyo.,  belongs 
to  the  Almond  coal  group  of  Schultz*  and  is 
referred  to  the  upper  part  of  the  Me^averde 
formation.  The  locality  at  Rock  Springs, 
Wyo.,  which  has  afforded  a  number  of  very 
characteristic  forms  is  in  the  Rock  Springs 
coal  group  of  Schultz  ^  and  is  also  referred  to 
the  Mesaverde  formation,  but  lies  perhaps 
1,000  feet  below  the  Almond.  The  plant  beds 
at  Coalville,  Utah,  according  to  Stanton,*  are 
overlain  by  1,800  feet  of  marine  Cretaceous 
strata  and  are  referrcnl  by  him  to  the  Montana. 
The  localities  on  the  Laramie  Plains,  Wyo., 
are  also  referred '  to  the  Cretaceous  in  the 
approximate  position  of  the  Mesaverde. 

'Knowlton,  F.  H.,  Flora  of  tho  Montana  formation:  U.  8.  (Jeol. 
Suney  Bull.  Uii,  1900. 

*  Schultt,  A.  K.,  U.  S.  C.eol.  Survey  Bull.  381,  p.  223,  1910. 
s  Idem,  p.  224. 

•  Stanton,  T.  W.,  U.  H.  C'.eol.  Survey  Bull.  10«,  pp.  43-44,  1893. 

7  Stanton,  T.  W.,  and  Knrjwlton,  F.  II.,  Geol.  Soc.  America  Bull., 
vol.  8,  pp.  137-143, 1897. 
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There  can,  of  course,  be  no  doubt  aa  to  the 
correctnpss  of  the  reference  of  the  above-men- 
tioned localities  to  the  Cretaceous,  and,  more- 
over, to  that  portion  of  the  Montana  group  that 
has  either  been  directly  assigned  to  the  Mesa- 
verde  formation  or  is  acknowledged  to  bo  in 
the  approximate  stratigraphic  position  of  this 
formation.  Therefore,  as  fully  90  per  cent  of 
the  Vermejo  flora  enjoying  an  outside  distri- 
bution occurs  at  these  locaUties  and  as,  further, 
the  affinities  of  a  majority  of  the  species  de- 
scribed as  new  point  in  the  same  direction, 
it  naturally  follows  that  the  beds  containing 
this  flora  must  occupy  a  similar  stratigraphic 
position. 

In  this  connection  it  will  perhaps  be  of  some 
interest  to  compare  the  Vermejo  flora  of  the 
Katon  Meea  region  with  the  flora  of  bods  in  a 
similar  stratigraphic  position  on  the  west  aide 
of  the  mountains.  It  has  long  been  Lee's  con- 
tention that  the  stratigraphic  sequence  is  es- 
sentially identical  on  opposite  sides  of  the 
mountains,  and  in  proof  of  this  he  was  able 
in  1911  and  1912  satisfactorily  to  correlato 
certain  of  the  formations  of  the  Katon  Mesa 
r^on  as  well  as  the  unconformity  separating 
them  around  the  southern  end  of  the  moim- 
tains  and  thence  up  the  wyt  side  to  Durango, 
Colo.» 

Thus  the  following  Montana  species  are  now 
known  to  bo  conunon  to  the  east  and  west 
sides  of  the  mountains,  but  it  is  to  bo  added 
that  the  collections  from  the  various  areas  on 
the  southern  and  western  sides  of  the  moun- 
tains are  very  large  and  up  to  the  present  time 
have  been  only  hastily  examined.  When  their 
study  is  completed  many  other  species  common 
to  both  sides  will  doubtless  be  found. 

Vermejo  tptdes  occurrittg  -wat  of  the  Rocky  Mountaint. 

Abietitcs  dubiua. 

BMchyphyllum  macrocaipum. 

GeiDitsiEk  tormoea. 

Sequoia  rpichenbachL 

Sequoia  obovata. 

Gleichenia  rbombitolui. 

WoodwBidia  crenata. 

Sabal  moDtana. 

Sabal?  ungeri. 

Myrica  torreyi. 

Jnglana  similia. 

PicuH  rhamnoides. 

FicuB  specioeiseima. 

Ficua  eucalyptifolia. 
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Ficua  leei 
Ficus  wantii. 
FicuH  praetrinervis. 
FicuB  atorkvillcnHis. 
Viburnum?  problematirum. 
Viburnum  anomalincrvum. 

The  remaining  previously  named  species 
about  a  dozen  in  number — arc  apparently  ci 
fined  to  the  Raton  Mesa  area,  not  having  th 
far  been  identified  outside. 

Although  new  species  as  such  may  ha 
httle  or  no  value  in  fixing  the  age  of  the  beds 
which  they  occur  their  obvious  afBnities  m 
lead  to  important  deductions.  Thus  Jugla 
similis  is  related  to  /.  rugosa,  which  has 
wide  range  in  Cretaceous  and  lower  Tertiai 
Myrica  coriacea  is  most  closely  related  to 
torreyi,  a  Vermejo  and  in  general  an  Upf 
Cretaceous  form.  Ficus  haddeni  is  of  the  ty 
of  F.  praetriTieTvis  and  is  not  greatly  differe 
from  it.  Ficu3  leei,  on©  of  the  handsomest  a 
moat  abimdant  species  in  this  flora,  is  ve 
close  to  and,  in  many  cases,  is  ahnost  ind 
tinguishable  from  Ficus  speciosissima,  a  big! 
characteristic  Montana  species.  Ficus  tie 
herryana  is  of  the  typo  of  F.  plavicosta 
Ficus  starkmUensis  is  evidently  related  to 
lanceolata,  a  form  commonly  found  in  t 
Laramie  of  the  Denver  Basin.  Ficus  praet 
nen>is  is  close  to  F.  trinervis;  and  F.  roi 
vdlensis  is  quite  similar  to  certain  leaves  fr< 
Point  of  Rocks,  Wyo.,  referred  by  Lesquerc 
to  F.  dalmaiica.  Ficus  tesseUata  is  related  to 
navicalaris.  Artocarpus  dissecta,  which  con 
only  from  Walsenburg,  is  most  nearly  relat 
to  A.  lessigiarui  from  the  Laramie  of  the  Den^ 
Basin  yet  differs  essentially.  Credneria  "p. 
tophyUoides  is  hardly  to  be  distinguished  fn 
C.  integerrima  Zenker,  from  the  Quadcrsar 
stein  of  Blankenbm^.  Laurua  moiUanerms 
the  matter  of  nervation  approaches  very  clos< 
to  L.  primigenia  Unger  as  figured  by  Lesqi 
roux  but  differs  from  it  in  size  and  shape, 
is  perhaps  the  same  as  specimens  reported  frc 
Point  of  Kocks  under  the  name  of  L.  primigen 
Liriodendron  (datum  Newberry  is  appareni 
identical  with  leaves  reported  from  the  Eaj 
sandstone  of  Montana.  Phaseolites  crasi 
appears  to  approach  most  closely  to  P.  elega 
Hollick  from  the  Raritan  formation  of  Ni 
York.  Slercidia  coriacea  is  of  the  same  type 
S.  reticulala  Lesquereux,  from  the  Dakota  sar 
stone  of  Kansas,  and  S.  rigida  Lesquereux,  fn 
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the  Miocene  of  Florissant,  Colo.,  though  differ- 
ing essentially  from  each.  Diospyrosf  leei  is 
of  the  same  type  as  D.  Jicoidea  Lesquereux, 
from  Black  Buttes  and  Hodges  Pass,  Wyo.,  but 
differs  from  it  in  being  more  neariy  elliptical  in 
shape  and  in  having  lower-angled  secondaries. 
VibuTmum  anomalinerrum  is  the  same  as  a  leaf 
Irom  Point  of  Rocks,  Wyo.,  that  was  referred 
by  Lesquereux  to  T'.  whymperi  Heer,  but  that 
is  quite  distinct  from  that  speci(»s.  Viburnum 
simile  was  associated  with  and  is  undoubtedly 
most  closely  related  to  V,  mxmtanum  Knowl- 
ton,  a  species  from  Point  of  Rocks.  Viburnum 
rhamnifolium  is  very  close  to  V,  problematicum 
as  described  in  this  report  from  Rockvale,  Colo. 

FIjORAH  op  the  CANON  CITY  AND  RATON  MESA 

FIEIJ3S. 

Although  the  present  investigation  is  pri- 
marily concerned  only  with  the  Raton  Mesa 
area  it  has  been  thought  best  to  include  with  it 
a  consideration  of  the  Canon  City  field,  especi- 
ally as  the  relations  between  them  have  been 
found  to  be  ultimate.  The  Canon  City  field  is 
north  of  and  in  a  way  intermediate  between 
the  Raton  Mesa  field  and  that  of  the  Colorado 
Springs  and  the  Denver  Basin  areas. 

The  Canon  City  coal  measures  were  once  sup- 
posed to  bo  of  Laramie  age  (p.  225)  and  even  as 
late  as  1910  were  so  referred  by  Washbume,* 
notwithstanding  the  fact  that  I  had  already 
pointed  out  that  at  least  the  lower  400  feet  of 
beds  (all  below  the  Rockvale  sandstone  mem- 
ber) contained  a  Montana  flora.  Subsequently 
much  more  complete  and  better  collections, 
made  by  Lee,  Stanton,  and  Knowlton,  showed 
that  the  entire  coal  measures  section,  at  least  up 
to  and  including  the  so-called  rim  rock,  belongs 
in  the  Montana.  Ilalym^nites  m^ajor,  which  is 
held  alwavs  to  indicate  marine  conditions,  is 
especially  abmidant  in  the  upper  portion  of  the 
Rockvalosandstone,aswellasinitsstratigraphic 
equivalent  on  th<»  west  side  of  the  basin,  and  is 
now  knowTi  to  occur  in  the  upper  coal  group 
nearly  to  the  base  of  the  rim  rock  near  Rockvale. 
Ficus  speciosissimu  and  its  near  ally,  F.  leeif 
also  occur  throughout  the  section,  and  other  of 
the  most  characteristic  Montana  forms  are 
found  both  above  and  below  the  Rockvale 
sandstone.     Therefore,    the    propriety   of   in- 

1 U.  S.  Geol.  Survey  BuU.  381,  p.  348^  1910. 


eluding  all  in  the  Montana  is  no  longer  ques- 
tioned. 

The  complete  list  of  the  Vermejo  flora  on 
pages  227-228  shows  the  species  conunon  to  the 
Raton  Mesa  and  Canon  City  fields,  and  though 
these  are  not  numerous  Qess  than  a  dozen)  most 
of  them  are  important  forms  not  likely  to  be 
misidentified. 

FLORAS    OF    THE    "VERMBTO    AND  RATON  FOR* 

MATIONS. 

Naturallv,  much  interest  attaches  to  the 
relation  between  the  floras  of  the  beds  below  and 
above  the  unconformity,  that  is,  between  those 
of  the  Vermejo  and  Raton  formations.  The 
paleobotanic  differences  between  them  are 
striking,  for  at  present  only  four  species  (Pterin 
erosaj  Sabal?  un^eri,  Ficus  praetrinerviSy  and 
Palaeodster  inquirenia)  are  known  to  cross  the 
line. 

The  last-named  species  is  very  close  to  the 
line  on  either  side.  In  the  Vermejo  formation 
it  is  found  at  AlkaU  Gap,  in  the  Canon  City 
field,  35  feet  above  the  highest  Halxfntenitesi 
zone,  and  at  Walsenbui^  above  the  highest  bed 
of  the  lower  coal  group.  In  the  Raton  forma- 
tion it  occurs  at  the  Bowen  mine,  near  Trini- 
dad, only  a  few  foot#bove  the  conglomerate. 

There  are,  however,  one  or  two  other  spcwies 
that  may  ultimately  prove  to  be  common  to  the 
two  formations  when  fuller  collections  are 
available.  Thus,  what  has  been  described  as 
now  under  the  name  of  Artocarpus  dissecta 
from  Walsenburg  (based  on  a  single  example) 
may  prove  to  be  identical  wdth  Artocarpus 
similis  or  A.  lessigiana.  Myrica  torreyi  occurs 
elsewhere  in  beds  corresponding  in  age  to  the 
Raton  formation.  Some  of  the  species  of  Ficus 
of  the  type  of  F.  planicostata  may  occm*  in  both 
formations  but  at  present  are  not  known  to  doso. 

Aside  from  the  fact  that  the  two  floras  have 
only  fom*  specues  in  common,  they  show  marked 
and  striking  differences.  For  example,  the 
Algae,  represented  in  the  Vermejo  by  the 
genera  Halymenites,  Chondrites,  and  Cavler- 
pites,  are  miknowii  in  the  Raton  formation. 
The  Palmac^ae,  reprasented  in  the  Raton  by 
five  genera  and  nine  species  and  occurring  at 
practically  every  locaUty  in  which  collections 
were  made,  are  reduced  to  a  single  genus  and 
two  species  in  the  Vermejo  and  are  known 
to  occur  in  less  than  a  dozen  locaUties.     The 
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Coniferae,  abundant  in  genera  and  species  in  the 
Vennojo  f  onnation,  are  without  known  represen- 
tation in  the  Raton  formation.  The  Platana- 
ceae,  represented  in  the  Raton  formation  by 
seven  forms  and  a  great  many  specimens,  have 
a  single  very  doubtful  representation  in  the 
Vermejo  formation.  The  Magnoliaceae  are  ex- 
ceedmgly  abundant  in  the  Raton  formation 
but  are  without  a  species  of  Magnolia  m  the 
Vermejo  formation.  The  Comaceae  have  two 
species  in  the  Raton  formation  but  are  not 
known  in  the  lower  beds. 

In  addition  Acrostichunij  Polystichum,  Wood- 
toardiay  Gleichenia,  Sparganium,  Caniia,  Pteror 
spermites,  CissiieSj  Diospyros,  Credneria,  Lirio- 
dendroTiy  and  Colutea,  all.  Vormojo  genera,  are 
not  present  in  the  Raton  formation;  and  simi- 
larly, AlismaphyUiteSj  Phragmites,  Fagus,  Cas- 
tanea,  Aristolochiaj  Castalia,  Nelumbo,  Cin- 
namomum,  Liquidamhar,  Rhus,  Ceanothvs,  Acer, 
Sapindus,  Paliurus,  Apeibopsis,  Cis&us,  ArxUia-f 
Nyssa,  Andromeda,  Chionanihua,  and  Apocyru)- 
phyUum,  all  Raton  genera,  are  not  represented 
in  the  Vermejo. 

TEBMBJO  AND  LuA^RAMIE  FLORAS  OF  THB  DBN- 

VER  BASIN. 

As  the  coal-bearing  rocks  of  the  Raton  Mesa 
region  were  regarded — ^until  the  beginning  of 
the  present  investigation^: — as  belonging  to  the 
Laramie,  it  will  be  of  interest  to  compare  the 
floras  of  the  beds  below  the  unconformitv — 
the  flora  of  the  Vormojo  formation — ^with  tho 
flora  of  the  Laramie  in  its  typical  area.  As  tho 
unconformity  that  separates  the  Laramie  from 
the  overlying  Arapahoe  andDonvor  formations 
in  the  Denver  Basin  is  tho  same  as  that  delimiting 
the  Vermejo  formation  from  the  overlying  Raton 
formation,  it  might  seem  a  priori  that  the  two 
floras  should  have  much  in  common  and  per- 
haps should  bo  identical.  Critical  study,  how- 
ever, failed  signally  to  confirm  this  supposi- 
tion. At  first  it  was  thought  that  only  a  single 
species  (Rhamnus  salidfolius)  was  common  to 
the  two  formations.  Since  1913,  when  tho 
present  paper  was  completed,  a  thorough 
revision  has  been  made  of  tho  Laramie  flora  in 
the  Denver  Basin,  and  this  discloses  that  there 
are  five  or  six  species  that  occur  in  both.  But 
as  there  are  106  species  in  tho  Vormojo  flora 
and  129  in  the  Laramio  flora,  the  relationship 
obviously  is  not  very  strong.  Tho  species  in 
common  are  as  follows : 


Sequoia  reichenbachi  (Geinitz)  Heer. 
Sabal  montana  Knowlton. 
Myrica  torreyi  Lesquereiix. 
Ficus  dalmatica?  Ettingshauscn. 
Ficus  trinen'ia  Knowlton. 
Rhamnus  salicifolius  LeBquereux. 

A  brief  discussion  of  tho  above  si>ecies  n 
be  of  interest. 

Sequoia  reich^nhaclii  has  an  almost  wor 
wide  distribution  and  ranges  in  age  from  Jur 
sic  to  Upper  Cretaceous  and  is,  therefore, 
no  importance  as  a  close  horizon  marker.  1 
known  presence  of  this  species  in  the  Larar 
rests  on  a  few  more  or  loss  doubtful  fragmen 
though  if  correctly  identified  its  rarity  has 
course  no  paiticular  bearing  in  the  pres( 
consideration.  Sabal  montana  is  a  verv  lai 
leaved  species,  perhaps  the  largest  kno 
in  the  Rocky  Mountain  region,  and  as  a  c( 
sequence  it  is  rare  to  find  it  preserved 
condition  that  will  permit  certain  identifi< 
tion.  It  is  fairly  abundant  in  the  Vermi 
formation  and  has  probably  been  correc 
identified  in  the  Laramie,  thouigh  the  specimc 
are  fragmentary.  Afyri^^a  torreyi,  though  occ 
ring  mainly  in  the  Montana,  is  a  widely  rai 
ing  form  and  has  even  been  foimd  in  beds  abc 
the  unconformity.  Rhamnus  salicifolius  v 
originally  described  from  the  Laramie  and  1 
subsequently  been  foimd  at  a  nmnber  ot  he 
zons  both  above  and  below  the  unconformi 
The  two  species  of  Ficus  are  fairly  well  marl 
species  that  have  probably  been  correctly  id< 
tified  in  both  the  Vermejo  and  Laramie. 

The  Vermejo  ^flora,  as  already  pointed  c 
(p.  230),  is  distinctively  Montana  in  aspect,  a 
cJthough  the  Laramie  flora  is  obviously  relal 
to  the  Montana  flora,  it  is  distinctly  differe 
and  with  adequate  collections  there  should 
no  difficulty  in  separating  them.  It  appe; 
that  the  erosion  producing  the  imconformi 
which  is  regarded  by  many  as  profound  a 
which  in  any  event  was  XQvy  considerable,  1 
left  some  1,200  feet  or  less  of  Laramie  in  1 
Denver  Basin,  and  that  in  the  Colorado  Sprii 
area,  the  southernmost  point  at  which  tho  La 
mie  has  thus  far  been  recognized,  it  has  redu( 
the  thickness  of  the  Laramie  to  a  maximimi 
375  feet  where  the  overhang  beds  (Daws 
arkose)  transgress  everything  perhaps  do>\Ti 
the  Cambrian.  In  the  Trinidad  field  the  La 
mie,  if  over  present,  has  been  entirely  removi 
and  the  erosion  has  cut  the  Vermejo  to  a  fit 


232 


GEOLOGY  AND  PALEONTOLOGY  OF  RATON  MESA  IN  COLO.-i:.  MEX. 


over  400  feet  in  thickness.  In  other  parts  of 
the  Raton  Mesa  region,  as  Lee  has  shown,  the 
Vermejo  and  the  underlying  Trinidad  sand- 
stone have  both  been  removed  and  the  Raton 
formation  rests  directly  on  Pierre  shale.  This 
explanation  of  the  physical  history  is  supported 
by  the  paleobotany. 

SPECIES    TRANS  ORES  SINO    THE     GREAT     UN- 
CONFORMITY ELSEWHERE. 

As  already  pointed  out,  the  unconformity 
which  separates  the  Vermejo  and  Raton  forma- 
tions in  the  Raton  Mesa  region  is  the  same  as 
that  in  the  Colorado  Springs  region,  where  it 
separates  the  Dawson  arkose  from  all  under- 
lying beds,  and  as  that  in  the  Denver  Basin, 
where  it  separates  the  remnant  of  the  Laramie 
from  the  overlying  Arapahoe  and  Denver  forma- 
tions. It  is  also  believed  to  be  essentially  the 
same  as  that  in  Carbon  Coimty,  Wyo.,  where 
it  separates  the  most  complete  section  of 
Laramie  known  (5,000  ±  feet)  from  the  overly- 
ing dinosaur-bearing  beds — that  is,  that  sepa- 
rates the  *' Lower  Laramie '^  from  the  *' Upper 
Laramie  "  of  Veatch.  Likewise  it  is  believed  to ' 
represent  the  time  interval  in  eastern  Wyo- 
ming, the  Dakotas,  and  Montana,  which  is  be- 
lieved to  everywhere  separate  the  Lance  forma- 
tion from  xmderlying  beds  (Fox  Hflls,  Pierre, 
etc.). 

In  this  connection  it  may  be  of  interest 
briefly  to  review  the  species  of  plants  that  are 
known  or  supposed  to  cross  the  line  of  this 
unconformity. 

Only  four  species  (p.  230)  are  known  to  be 
common  to  the  Vermejo  and  Raton  formations 
in  the  Raton  Mesa  region,  and  only  six  species 
(p.  231)  to  the  Laramie  of  the  Denver  Basin  and 
the  Raton  formation.  At  one  time  or  another 
about  11  species  have  been  reported  as  passing 
from  Laramie  to  Denver,  5  or  6  from  Laramie 
to  the  dinosaur-bearing  beds  in  Carbon  County, 
Wyo.,  and  16  from  Cretaceous  (Montana  and 
Laramie)  to  the  Lance.  On  eliminating  dupU- 
cations  in  the  several  Usts  as  well  as  the  few 
species  which  fuller  information  has  shown  to 
have  been  incorrectly  identified  in  one  or  the 
other  horizon,  there  remains  a  total  of  about 
21  or  22  species  that  are  known  to  cross  the 
line  of  this  unconformity  throughout  its  whole 
areal  extent,  from  New  Mexico  on  the  south 
to  the  Canadian  border  on  the  north.  The 
combined  floras  of  the  beds  (Vermejo,  Mon- 


tana, Jiidith  River,  Laramie,  etc.)  below  the  line 
of  the  unconformity  throughout  the  same  areal 
extent  contain  about  350  known  species;  and 
the  combined  floras  in  the  beds  above  the 
break  (Raton,  Dawson,  Arapahoe,  Denver, 
Lance,  etc.)  contain  over  700  known  species. 
If  out  of  350  species  below  the  line  and  700 
species  above  it,  only  21  or  22  are  known  to 
transgress  it,  the  distinction  between  the  rocks 
below  and  above  would  appear  to  be  sharp. 
In  fact,  the  only  wonder  is  that  more  species 
do  not  cross  the  line.  If  the  known  number 
should  be  even  doubled  bv  future  work  (a  con- 
dition  which,  according  to  present  knowledge, 
is  improbable)  the  difference  would  still  be 
very  marked. 

BIOLOGIC  CONSIDEBATIOKS. 

The  complete  flora  of  the  Vermejo  formation, 
to  which  has  been  added  that  of  the  Trinidad 
sandstone,  comprises  108  species.  (See  p.  227.) 
It  is  believed  that  this  enumeration  is  really  very 
conservative,  for  it  omits  the  many  fragmen- 
tary forms  that  are  always  present  but  that  can 
not  be  adequately  characterized,  and  includes 
only  those  that  are  capable  of  being  figured  or 
described  so  that  they  may  subsequently  be 
recognized.  The  number  accepted  is  doubtless 
far  short  of  the  actual  niunber  that  lived  during 
Vermejo  time,  for  no  matter  how  careful  the 
exploitation,  each  new  collection  is  almost  cer- 
tain to  bring  to  light  forms  previously  unknown 
or  unrecognized. 

The  vast  group  of  ThaHophytes  is,  as  might 
be  expected,  but  sparsely  represented  in  this 
flora.  The  fungi  comprise  only  a  single  rather 
insufficiently  characterized  bark-inhabiting  spe- 
cies, and  this,  of  course,  must  give  a  very  inade- 
quate idea  of  this  group  as  it  doubtless  existed 
at  the  time.  The  Algae  are  represented  by 
three  genera  and  five  nominal  species,  but  as 
most  of  these  are  preserved  simply  as  rough 
sandstone  casts  of  stems  or  portions  of  fronds 
they  are  not  in  a  shape  that  will  permit  adequate 
biologic  comparison,  and  about  all  that  can 
bo  said  of  them  is  that  they  appear  to  be 
properly  referable  to  the  group. 

With  the  Pteridophyta,  however,  the  case  is 
entirely  different,  at  least  four  families  being 
identifiable  with  a  fair  degree  of  certainty. 
The  largest  representation  is  in  the  Polypodi- 
aceae,  which  embrace  six  genera  (Acrosiir 
chum,  Polystichum,  Pteris,  Aspleniumy    Wood" 
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tixmJtay  and  Stenopteriaf)  and  nine  species.  The 
Osmundaceae  are  represented  by  a  single 
species  (0.  hoUicki),  and  the  Gleicheniaceae 
and  Schizaeaceae  by  two  species  each. 

In  the  Spermatophyta  the  Coniferales  are 
abundantly  represented,  not  only  by  genera 
and  species  but  by  individuals.  The  recently 
established  family  Brachyphyllaceae,  which 
has  apparently  no  very  close  living  relatives, 
contains  in  this  flora  a  single  species,  which  is 
probably  the  same  as  BrachyphyUum  macro- 
carpum  Newberry,  though,  as  the  material  is 
not  very  well  preserved,  the  specific  identifica- 
tion has  been  questioned.  The  Pinaceae,  how- 
ever, are  abundantly  represented  by  six  genera 
and  eight  species.  Of  these  the  most  abundant 
are  the  sequoias,  which  represent  both  the 
living  types  of  the  genus.  Sequoia  reicheTihachi, 
corresponding  to  S,  washingtonianaf  and  S, 
ohcvataj  corresponding  to  the  living  S.  semper- 
virens.  It  is  possible  that  the  two  species 
described  under  the  name  of  Cupresainoxyhn 
may  represent  the  wood  of  some  form  described 
also  from  the  foliage,  but  this  can  not  be  proved 
at  present. 

The  Monocotyledonae  were  but  sparsely  rep- 
resented in  the  collections,  there  being  a  single 
doubtful  species  of  Sparganium,  two  species  of 
Sdbal,  and  two  that  apparently  belong  to 
Canna,  It  is  of  course  probable  that  there 
were  many  more  monocotyledons  in  this  flora, 
but  as  most  of  them  were  inconspicuous  small 
forms  without  deciduous  foliage  the  chances  of 
their  being  preserved  were  relatively  remote. 

Many  orders  of  the  Dicotyledonae  are  well 
represented.  Thus,  the  Juglandales  are  rep- 
resented by  the  Juglandaceae  with  two  species, 
the  Myrtales  by  two  species  of  Myrica,  and  the 
Salicales  by  five  forms  of  Salix  and  a  single 
doubtful  species  of  Popvlus,  and  the  Fagales  by 
two  species  of  Quercus,  The  largest  and  most 
important  dicotyledonous  order  is  the  Urticales 
and  family  Moraceae,  with  no  less  than  17 
species  referred  to  Ficus  and  1  to  Artocarpus. 
Ficibs  must  have  been  exceedingly  abimdant 
and  conspicuous,  for  there  is  hardly  a  collec- 
tion without  one  or  more  species  of  it,  and  some 
have  as  many  as  half  a  dozen.  Individuals  are 
also  abundant,  some  species,  such,  for  instance, 
as  in  Ficus  leei,  being  represented  by  literally 
dozens  of  leaves,  so  many  that  it  has  been 
possible  to  work  out  their  range  in  size  and 
individual  variations. 


In  the  order  Ranales  the  Lauraceae  are 
represented  by  a  single  species  of  Lauras  and 
the  Magnoliaceae  by  a  well-marked  species  of 
Uriodendron.  The  Rosales  are  comprised  in 
three  families — the  Platanaceae  with  a  single 
doubtful  fragment  of  PlatanuSj  the  Rosaceae 
with  a  species  that  apparently  belongs  to 
Amelanchiery  and  the  Papilionaceae  by  a  nmn- 
ber  of  leaflets  referred,  to  Phaseolites  aiid 
Colutea,  The  order  Sapindales,  family  Celas- 
traceae,  has  had  referred  to  it  three  forms  of 
Cehstrus;  and  the  order  Rhamnales,  family 
Rhamnaceae,  is  represented  by  a  single  species 
each  of  Rhamnus  and  ZizypTius. 

Another  fairly  well  represented  order  is  the 
Malvales,  there  being  one  species  of  StercuHa, 
three  of  PterospermiteSj  and  one  of  Hedera 
referred  to  the  family  Sterculiaceae,  and  one 
species  each  of  VUis  and  Cissites  referred  to  the 
Vitaceae.  These  are  followed  by  two  relatively 
unimportant  orders,  the  Ebenales  with  a  single 
species  of  Diospyros  and  the  Gentianales  with  a 
very  doubtful  leaflet  of  Fraxinus.  The  remain- 
ing order  of  particular  importance  in  this  flora 
is  the  Rubiales,  which  comprises  eight  more  or 
less  well  characterized  species  of  Viburnum, 

The  remaining  constituents  of  this  flora  are 
of  imcertain  systematic  position.  They  com- 
prise the  peculiar  organism,  perhaps  a  capsule, 
described  under  the  name  of  Palaeoa^ter 
inquirendcLj  and  two  species*  segregated  under 
the  form  genus  PJiyUites. 

Briefly  to  recapitulate:  The  Vermejo  flora 
comprises  108  forms  distributed  among  the 
several  groups  as  follows:  Fungi,  1  genus  and 
species;  Algae,  3  genera,  5  species;  Pteri- 
dophyta,  4  families,  9  genera,  and  14  species; 
Coniferales,  2  families,  7  genera,  and  9  species: 
Monocotyledonae,  3  families,  3  genera,  atid  5 
nominal  species;  Dicotyledonae,  13  orders,  17 
famiUes,  and  60  species. 

ECOLOGIC  CONSIDERATIONS. 

From  the  biologic  aspects  of  the  Vermejo 
flora  some  tentative  conclusions  may  be  drawn, 
with  a  fair  degree  of  probability,  as  to  the  eco- 
logic  conditions  under  which  this  flora  exists!. 
In  drawing  conclusions  from  individual  organ- 
isms in  an  inquiry  of  this  kind  dependence 
must  of  course  be  placed  on  our  knowledge  of 
the  present-day  requirements  of  similar  species, 
and  the  results  must  always  be  subject  to  pos- 
sibility of  error  from  two  sources — ^first,  from 
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the  incorrect  placing  biologically  of  the  organ- 
ism and,  second,  from  the  fact  that  its  require- 
ments in  past  geologic  time  may  not  have  been 
the  same  as  these  which  now  dominate  the  life 
activities  of  its  supposed  analogue.  However, 
when  all  of  the  elements  of  a  flora  appear  to 
point  hi  the  same  direction  the  liability  to 
serious  error  is  minimized  if  not  eliminated. 

The  presence  of  numerous  large  coarse-grow- 
ing algae  is  interpreted  as  bespeaking  shallow- 
water  marine  conditions  for  the  beds  in  which 
they  are  now  found  entombed.  Algae  of  this 
kind  are  present  sparsely  in  the  lower  portion 
of  the  Vermejo  formation  and  more  numer- 
ously in  the  underlying  Trinidad  sandstone, 
which  for  convenience  has  been  included  in 
this  enumeration.  Halymenite^  major  occurs 
abundantly  both  in  the  Trinidad  and  in  the 
Canon  Citv  areas.  In  other  areas,  where  this 
form  has  a  wide  geographic  range,  it  has  been 
found  on  occasion  in  association  with  various 
invertebrates,  all  of  them  of  marine  shallow- 
water  types.  Although  comparatively  few 
invertebrates  have  been  found  in  company 
with  the  Halymenites  within  this  area  it  is  safe 
to  say  that  the  sea  had  access  to  the  region, 
either  temporarily  or  permanently,  during  the 
time  of  its  existence. 

The  evidence  to  be  derived  from  the  ferns  is 
not  very  impressive  and  is  somewhat  conflict- 
ing. The  genera  .  Acrostichurrij  WoodTvardiaj 
Osmunda,  and  Anemia  are  distinctly  swamp- 
loving  forms,  but  Dicksonia,  as  known  at  the 
present  day,  is  distinctly  xerophytic,  though  not 
necessarily  Uving  at  any  great  distance  from  or 
above  sea  level.  The  genus  Pteris  is  also  found 
usually  in  drier  situations,  and  Asplenium  and 
Polystichum  are  not  out  of  place  in  either 
swampy  or  drier  habitats. 

The  conifers,  however,  afford  much  more 
definite  and  valuable  criteria  for  the  inquiry  in 
hand.  Take  first  the  two  species  of  Sequoia, 
which,  as  already  stated,  represent  both  the 
living  types  of  the  genus.  The  redwood  (S. 
sempervirens)  is  confined  to  the  coast  range  of 
California  and  the  extreme  southwestern  comer 
of  Oregon,  and  ranges  from  near  sea  level 
to  approximately  2,500  feet  elevation,  mainly 
on  the  seaward  side  of  the  mountains  within 
the  fog  belt.  Here  it  is  subjected  to  frequent 
and  heavy  sea  fogs  and  to  typically  moist  soil 
and  air.  The  annual  precipitation  ranges  be- 
tween 20  and  60  inches,  and  the  temperature 


between  15°  and  100®,  with  an  annual  average 
of  50"*  to  60°  F. 

The  big  tree  (S.  vxishin^toniana)  occurs  now 
in  the  interior  valleys  of  California  at  eleva- 
tions of  from  5,000  to  8,500  feet  and  is  tolerant 
of  cooler  and  drier  conditions  than  the  red- 
wood. The  range  in  temperature  is  between 
— 12°  and  about  100°  F.,  with  a  precipitation  of 
18  to  over  60  inches.  Probably  the  genera 
Abietites  and  Geinitzia  should  be  considered 
with  Sequoia — in  any  event  they  do  not  greatly 
differ  from  it  in  foUar  and  other  characters. 

The  genus  Cupre^sinoxylon,  which  is  beUeved 
to  represent  the  wood  of  Cupressinae,  affords 
valuable  data  regarding  climatic  conditions. 
Of  the  two  species  described  from  the  Vermejo 
flora  one  is  entirely  without  growth  rings,  and 
the  other  exhibits  a  very  slight  ring  in  which 
only  three  or  four  rows  of  cells  are  sUghtly 
thickened  and  thus  mark  the  brief  period  of 
rest.  A  single  species  of  dicotyledonous  wood, 
so  poorly  preserved  that  it  could  hardly  be 
figured  or  described  with  satisfaction,  exhibits 
but  slight  trace  of  growth  rings,  at  least  so  far 
as  can  be  made  out. 

Widdnngtonia,  which  is  now  represented  by 
three  or  four  species,  natives  of  the  warm, 
moist  regions  of  South  Africa  and  Madagascar, 
argues — if  it  has  been  correctly  identified — ^for 
a  warm,  moist  chmate. 

On  the  whole  it  would  appear  that  the  coni- 
fers indicate  the  absence  of  marked  seasonal 
changes  and  the  presence  of  moist,  relatively 
warm  climatic  conditions. 

The  Monocotylpdonae  are  unimportant  but, 
so  far  as  they  may  be  interpreted,  indicate 
marshy  or  swamp  conditions.  Palms,  though 
present,  were  unimportant  in  species,  though 
abundant  in  individuals. 

The  Dicotyledonae  are  the  most  abundant 
and  conspicuous  elements  of  the  Vermejo  flora. 
The  genera  Juglans^  Myrica,  Salix,  PopvluSj 
and  Quercus  are  poorly  and  in  some  cases 
doubtfully  represented  in  the  flora.  These 
are  relatively  large  genera  that  are  mainly  of 
northern  range,  though  representatives  of  all 
or  nearly  all  are  found  as  far  or  farther  south 
than  the  area  under  consideration.  The  most 
important  genus  both  as  regards  species  and 
individuals  was  FiciiSj  of  which  17  forms  have 
been  deUmited.  Ficus  is  a  vast  genus  of 
more  than  600  living  species,  widely  distributed 
in  the  tropical  and  subtropical  regions  of  the 
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world.  There  is  also  a  fine  species  of  Artocar- 
pu8j  a  genus  which,  although  once  living  as  far 
north  as  Greenland,  is  now  confined  to  the  Old 
World  within  20  **  of  the  Equator.  The  genera 
Lauras  and  Liriodendron  are  now  growing 
under  warm  or  at  least  temperate  conditions. 
The  several  genera  of  Papihonaceae  (Phaseoli- 
teSf  Colutea)  are  not  sufficiently  well  deter- 
mined to  be  of  value  in  this  consideration. 
CdastruSj  with  the  exception  of  a  single  North 
American  species,  is  a  native  of  the  warm  por- 
tions of  eastern  Asia,  Australia,  and  Mada- 
gascar. Rhamnus  is  also  a  native  at  present  of 
warm  and  temperate  regions,  and  Zizyphus  is 
mainly  found  in  the  tropical  portions  of  ^Vmer- 
ica,  eastern  Asia,  southern  Africa,  and  Aus- 
tralia. Sterculiu  is  now  confined  to  the  tropics 
of  both  hemispheres,  and  Iledera  is  mainly 
tropical.  Oissua  is  a  very  large  genus  of  the 
tropics  with  a  few  species  extending  into  the 
subtropics.  Vihimum  is  also  extensive,  hav- 
ing over  100  species,  most  of  which  are  natives, 
of  subtropical  portions  of  eastern  Asia  and 
North  America,  with,  for  example,  two  species 
in  the  island  of  Jamaica. 

From  the  several  forms  of  plant  life  consid- 
-ered  above  that  are  Ukely  to  afford  information 
of  interest  or  value  a  picture  of  the  ecologic 
conditions  as  they  probably  existed  during 
Trinidad  and  Vermejo  time  may  be  drawn. 

During  at  least  the  close  of  Trinidad  time, 
and  locally  in  the  earlier  stages  of  Vermejo  time, 
the  sea  had  access  to  the  region,  probably  as  a 
broad  shallow  bay  or  arm.  In  the  warm  waters 
existed  the  several  species  of  large  coarse  algae, 
whose  stems  and  foliar  expansions  were  cast  on 
the  beach  to  l)e  covered  by  the  sand  and  pre- 
served in  the  form  of  casts  and  impressions. 
That  there  was  a  contemporary  land  flora  is  of 
course  more  than  probable,  but  it  has  not  been 
preserved  in  tliis  area. 

Subsequently  the  seas  was  excluded,  though 
perhaps  never  to  any  great  distance,  giving 
place  probably  to  a  series  of  great  low-lying 
swamps  and  marshes  wherein  grew  much  of  the 
v^etation  of  the  time.  In  the  pools  and  slow- 
moving  streams  were  Sparganiumj  and  on  the 
surface  floated  the  rosettes  of  Trapaf  micro- 
phyUa.  About  the  edges  grew  Carina? ^  Acros- 
tichum,  Woodumrdiaf  and  doubtless  certain  figs 
and  an  occasional  palm.  In  the  denser  swamps 
were  found  the  cypress-like  Cupressinoxylon, 
WiddringUmiaj  SiercuHa^  and  many  species  ot 


FicuSy  with  here  and  there  a  breadfruit  tree 
On  higher  ground  were  sequoias,  oaks,  waJ 
nuts,  laurels,  ivies,  and  grapes. 

From  the  abimdance  and  proportion  of  th 
plant  types  it  may  be  presumed  that  there  wa 
an  abundance  of  moisture,  from  the  absence  c 
marked  growth  rings  that  there  was  no  shar 
differentiation  of  seasons,  and  from  the  genere 
facies  of  the  whole  flora  that  the  cUmate  wa 
warm  temperate  and  perhaps  even  subtropical 

THE  RATON  FLORA. 
STRATIGRAPHIC  CONSIDEBATIONS. 

The  Raton  formation,  as  the  coal-bcarinj 
portion  of  the  section  above  the  unconformit; 
in  the  Raton  Mesa  region  is  now  called,  has  beei 
considered — largely  on  account  of  its  suppose< 
stratigraphic  relations — as  belonging  to  th 
Laramie.  However,  the  demonstration  of  thi 
widespread  unconformity  made  it  necessary  t^ 
investigate  the  upper  beds  with  extreme  care 
and  the  result  has  been  to  show  that  from  th< 
paleobotanist's  point  of  view  they  are  distlnc 
tively  post-Laramie  in  age. 

As  a  preliminary  to  the  discussion  of  th( 
Raton  flora,  the  following  is  given  as  a  com 
plete  list  of  the  forms  known : 

Forms  known  from  the  Raton  formation. 

Dryopteris?  cladophleboidcs  Knowlton,  n.  ep. 

Dryoptoris?  sp. 

PterLs  croHa  Lesquercux. 

Pteris  russellu  Newberry. 

Ptcris  linearis  Knowlton,  n.  sp. 

Asplenium?  primero  Knowlton,  n.  sp. 

Anemia  occidental  is  Knowlton,  n.  sp. 

Alismaphyllites  crassifolium  Knowlton,  n.  gen 

and  sp. 
Phragmitcs  oeningensis  Alexander  Braun. 
Oreodoxites  plicatus  Lesc|uereux. 
Sabalites  grayanus  Lesquereux. 
Sabal  inquirenda  Knowlton,  n.  sp. 
Sabal?  rugosa  Knowlton,  n.  sp. 
Sabal?  leei  Knowlton,  n.  sp. 
Sabal?  ungeri  (Lesquereux)  Knowlton,  n.  comb. 
"Geonoma"  gigantea  Knowlton,  n.  sp. 
Geonomites  tenuirarhis  Lesquereux. 
Palmocarpon  palmarum  (Lesquereux)  Knowlton 
Juglans  acuminata  Alexander  Braun. 
Juglans  nigella  Heer. 
Juglans  minutidens  Knowlton,  n.  sp. 
Juglans  berry i  Knowlton,  n.  sp. 
Juglans  rugoaa  I^escjuereux. 
Juglans  rhamnoidos  Lesquereux. 
Juglans  sapindifoniiis  Knowlton,  n.  sp. 
Juglans  sapindoides  Knowlton,  n.  3p. 
Juglans  schimperi  Lc8([uereux. 
Populus  neotremuloides  Knowlton,  n.  sp. 
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Populus,  female  ament. 

Fagiis  papyracea  Knowlton,  n.  sp. 

Castanea  intermedia  Lesquereux. 

Quercus  fisher iana  Knowlton,  n.  sp. 

Quercus  simplex  Newberry. 

Quercus?  neomexicanus  Knowlton,  n.  sp. 

Quercus?  ratonensis  Knowlton,  n.  sp. 

Dryophyllum  tennesseensis  Berry. 

Dryophyllum  aquamarum?  Ward. 

Dryophyllum  moorii  (Lesquereux)  Berry. 

Ulmus  sp. 

Ficus  artooarpoides  Lesquereux. 

Ficus  aguilar  Knowlton,  n.  sp. 

Ficus  uncata  Lesquereux. 

Ficus  duplicata  Knowlton,  n.  sp. 

Ficus  occidentalis  (Lesquereux)  Lesquereux. 

Ficus  harrisiana  Hollick. 

Ficus  denveriana  Cockerell. 

Ficus  neoplanicostata  Knowlton,  n.  sp. 

Ficus  planicostata  latifolia  Lesquereux. 

Ficus  planicostata  clintoni  (Lesquereux)  Knowl- 
ton. 

Ficus  pseudopopulus  Lesquereux. 

Ficus  praetrinervis  Knowlton  n.  sp. 

Ficus  schimperi  Lesquereux. 

Ficus?  smithsoniana  Lesquereux. 

Ficus  richardsoni  Knowlton,  n.  sp. 

Ficus  minutidens  Knowlton,  n.  sp. 

Ficus  ratonensis  Knowlton,  n.  sp. 

Artocarpus  similis  Knowlton,  n.  sp. 

Aristolochia?  elongata  Knowlton,  n.  sp. 

Castalia  leei  Knowlton,  n.  sp. 

Nelumbo  lakesiana  (Lesquereux)  Knowlton,   n. 
comb. 

Magnolia  angustifolia  Newberry. 

Magnolia  laurifolia  Lesquereux. 

Magnolia  hilgardiana  Lesquereux. 

Magnolia  magnifolia  Knowlton,  n.  sp. 

Magnolia  leei  Knowlton,  n.  sp. 

Magnolia  lesleyana  Lesquereux. 

Magnolia  rcgalis?  Heer. 

Magnolia  rotundifolia  Newberry. 

Magnolia  cordifolia  Lesquereux. 

Laurus?  caudata  Knowlton,  n.  sp. 

Laurus  ratoneuHis  Knowlton,  n.  sp. 

Laurus?  coloradensis  Knowlton,  n.  sp. 

Laurus  podatus?  Lesquereux. 

Laurus  socialis  Lesquereux. 

Laurus  utahensis  Lesquereux. 

Nectandra  lancifolia  (Lesquereux)  Berry. 

Oreodaphne?  ratonensis  Knowlton,  n.  sp. 

Cinnamomum?  ficifolium  Knowlton,  n.  sp. 

Cinnamomum  liuifolium  Knowlton,  n.  sp. 

Cinnamomum  miasissippiense?  Lesquereux. 

Liquidambar  cucharas  Knowlton,  n.  sp. 

Platanus  aceroides  Goppert. 

Tlatanua  aceroides  cuneata  Knowlton,  n.  var. 

Platanus  aceroides  latifolia  Knowlton,  n.  var. 

Platanus  guillelmae  Goppert. 

Platanus  guillelmae  heerii  Knowlton,  n.  var. 

Platanus  platanoides  (Lesquereux)  Knowlton. 

Platanus  raynoldsii  Newberry. 

Platanus  rhomboidea  Lesquereux. 


Platanus?  regularis  Knowlton,  n.  sp. 
Cercocarpus  orestesi  Knowlton,  n.  sp. ' 
Prunus  coloradensis  Knowlton,  n.  sp. 
Leguminositcs  arachioides  Lesquereux. 
Sophora  nervosa  Knowlton,  n.  sp. 
Cassia  richardsoni  Knowlton,  n.  sp. 
Cassia  sapindoides  Knowlton,  n.  sp. 
Cassia  fishcriana  Knowlton,  n.  sp. 
Inga  heterophylla  Knowlton,  n.  sp. 
Carapa  eolignitica?  Berry. 
Xanthoxylum  dubium  Lesquereux. 
Euphorbocarpum  richardsoni  Knowlton,  n.  gen. 

and  sp. 
Rhus  vibumoides  Knowlton,  n.  sp. 
Celastrus  serratus  Knowlton,  n.  sp. 
Celastrus?  sp. 

Euonymus  splendens  Berry. 
Acer  fnigilis  Knowlton,  n.  sp. 
Sapindus  caudatus  Lesquereux. 
Sapindus  afhnis  Newberry. 
Sapindus  rocklandensis  Knowlton,  n.  sp. 
Rhamnus  dobumi  Lesquereux. 
Rhamnus  goldianus?  Lesquereux. 
Rhamnus?  woottonensis  Knowlton,  n.  sp. 
Rhamnus  obovatus  Lesquereux. 
Rhamnus  fischeri  Lesquereux. 
Berchemia  multinervis  (Alexander  Braun)  Heer» 
Paliunis  zizyphoides  Lesquereux. 
Zizyphus  fibrillosus  (Lesquereux)  Lesquereux. 
Zi^yphus  meiggsii  (Lesquereux)  Berry. 
Apeibopsis?  neomexicanus  Knowlton,  n.  sp. 
Tilia  speciosissima  Knowlton,  n.  sp. 
Sterculia  berryana  Knowlton,  n.  sp. 
Dombeyopsis  magnifolia  Knowlton,  n.  sp. 
Vitifl  olriki  Heer. 
Vitis  leei  Knowlton,  n.  sp. 
Vitis  inominata  Knowlton,  n.  sp. 
Vitis?  platanifolia  Knowlton,  n.  sp. 
Cissus  grossodentata  Knowlton,  n.  sp. 
CL«wus  laevigata  Lesquereux. 
Aralia  coloradensis  Knowlton,  n.  sp. 
Aralia?  serrata  Knowlton,  n.  sp. 
Hedera  rotundifolia  Knowlton,  n,  sp. 
Com  us  neomexicana  Knowlton,  n.  sp. 
Com  us  studeri?  Ileer. 
Nyssa  lanceolata  Lesquereux. 
Nyssa?  raremosa  Knowlton. 
Andromeda  lanceolata  Knowlton,  n.  sp. 
Andromeda  scripta  Knowlton,  n.  sp. 
Chionanthus  membranaceus  Knowlton,  n.  sp^ 
Apocynophyllum  lesquereuxii  Ettingshausen. 
Apocynophyllum  wilcoxensis  Berry. 
Apocynophyllum  linifolium  Knowlton,  n.  sp. 
Viburnum  contortum  Lesquereux. 
Viburnum  spe<'iosum  Knowlton,  n.  sp. 
Vibumum  magnum  Knowlton,  n.  sp. 
Viburnum  wwottonianum  Knowlton,  n.  sp. 
Vibumum  lakesii  Lesquereux. 
Palaeoaster  inquirenda  Knowlton,  n.  sp. 
Carpi tes  coffeaeformis  Lesquereux. 
Carpolithes  spinosus  Newberry. 
Phyllites  retusoides  Knowlton,  n.  sp. 


INTRODUCTION. 


Aside  from  the  biologic  relationships  of 
this  flora  the  interest  naturally  centers  on 
the  data  it  affords  regarding  the  age  position 
of  the  beds  in  which  it  occurs. 

Over  the  unconformity  separating  the  Raton 
and  Vermejo  formations  pass  only  four  species, 
namely: 

Species  common  to  the  Raton  and  Vermejo  formations, 

Pterifl  erosa. 
Sabal?  ungeri. 
Ficus  praetrinervifl. 
Falaeoaster  inquirenda. 

•  As  there  are  148  species  in  the  Raton  flora 
and  108  in  the  Vermejo  flora,  the  presence  of 
only  four  species  in  common  shows  conclu- 
sively that  there  is  no  real  relationship  be- 
tween them.  A  full  discussion  of  the  further 
differences  between  the  two  floras  will  be 
found  on  page  230. 

Species  common  to  the  Raton  and  Laramie  formations  of  the 

Denver  Basin, 

Ficus?  smithsoniana. 
Faliurus  zizyphoides. 

The  Laramie  of  the  Denver  Basin  affords, 
as  at  present  imderstood,  about  129  species  of 
plants.  As  only  2  species  found  in  the  Raton 
flora  occur  also  in  the  Laramie,  the  relation- 
ship is  not  very  close. 

Species  common  to  the  Raton  and  Arapahoe  formations.^ 

Pterifl  eroea. 
Berchemia  multincrvis. 
Gissus  laevigata. 
Nelumbo  lakesiana. 

As  the  Raton  formation  occupies  the  same 
stratigraphic  position  in  regard  to  the  im- 
conformity  at  the  top  of  the  Vermejo  as  does 
the  Arapahoe  formation  of  the  Denver  Basin 
in  regard  to  the  post-Laramie  unconformity  it 
is  of  interest  to  compare  their  flora.  Four 
species,  all  of  which  are  foimd  also  in  the 
Denver  formation,  are  common  to  the  two 
formations.  The  flora  of  the  Arapahoe  is 
supposed  to  number  about  30  species,  but  of 
late  some  doubt  has  arisen  as  to  the  correct- 
ness of  referring  certain  of  the  supposed 
Arapahoe  localities  to  this  formation;  in  fact, 
Richardson  *  has  expressed  the  tentative 
opinion   that   the   Arapahoe   may  be   only   a 

1  Since  this  section  was  written  it  appears  to  have  been  demonstrated 
by  Richardson  that  the  supposed  plant-bearing  Arapahoe  locality 
should  be  referred  to  either  the  Denver  formation  or  the  Dawson  arkose. 

*  Qeol.  See.  America  Bull.,  vol.  23,  p.  274, 1912. 


depositional  phase  of  the  Denver.  Be  th 
it  may,  there  is  evidently  not  a  very  sti 
relation  between  the  Raton  and  Arapaho 
at  present  understood. 

Species  common  to  the  Raton  and  Denver  formation 

Pteria  erosa. 
Phragmitos  oeningensis. 
Oreodoxites  plicatus. 
Sabalites  grayanus. 
Palmocarpon  palmanim. 
Juglans  rugosa. 
Juglans  Bchimperi. 
Castanea  intermedia? 
Ficus  duplicata. 
Ficus  occidentalis. 
Ficus  denveriana. 
Ficus  planicostata  clintoni. 
Nelumbo  lakesiana. 
Magnolia  magnifolia. 
Liquidambar?  cucharas? 
Laurus  socialis. 
Platanus  aceroides. 
Platanus  guillelmae. 
Platanus  raynoldsii. 
Platanus  rhomboidea. 
Leguminosites  arachioides. 
Sapindus  caudatus. 
Rhamnus  clebumi. 
Rhamnus  goldiana. 
Berchemia  multinervis. 
Paliurus  zizyphoides. 
Zizyphus  fibrillosus. 
Vitis  olriki. 
Cissus  laevigata. 
Comus  studeri? 
Nyssa  lanccolata. 
Nyssa?  racemosa. 
Viburnum  lakesii. 
Palaeoaster  inquirenda? 

From  the  beginning  of  the  critical  stud 
the  Raton  flora  it  has  been  increasi 
evident  that  its  closest  affinity  is  with 
Denver  flora.  From  the  above  list  it  apj 
that  at  least  34  species  are  common  to 
two  floras.  Put  in  another  way  it  m 
that  43  per  cent  of  the  Raton  flora  havin 
outside  distribution  is  found  also  in  the  ' 
ver;  and  as  the  total  published  Denver 
embraces  98  species,  it  follows  that  more 
one-third  of  these  occur  in  the  Raton  fo 
tion.  It  is  but  fair  to  add  that  the  kr 
new  species  from  the  Denver,  not  publb 
will  bring  its  total  flora  up  to  at  least 
species.  Even  including  these,  however,  : 
than  one-fourth  of  the  total  is  foimd  ab 
the  Raton  formation. 
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Species  common  to  the  Raton  and  Wilcox  formations. 

Sabalites  grayanus. 
Juglans  berryi. 
Juglans  schimperi. 
Dryophyllum  moorii. 
Dryophyllum  tennesseensis. 
Ficus  schimperi. 
Ficus  uncata.* 
PHcus  occid  en  talis. 
PHcus  denveriana. 
Ficus  harrisiana. 
Ficus  neoplanicostata. 
Ficus  peeudopopulus. 
Ficus  latifolia.' 
Ficus  artocarpoides. 
Magnolia  angustifolia. 
Magnolia  leei. 
Magnolia  lesleyana.* 
Magnolia  hilgardiana.^ 
Magnolia  cordifolia.* 
Laurus  pedatus.' 
Laurus  ratonensis.* 
Cinnamomum  mississippiensis. 
Nectandra  lancifolia. 
Zizyphus  meiggsii. 
Euonymus  splendens. 
Comus  studeri? 
Carapa  eolignitica. 
Leguminosites?  arachioides. 
Apocynophyllum  wilcoxensis. 

In  a  recently  issued  work  Berry  *  gives  the 
following  list  of  Wilcox  species  that  are  repre- 
sented by  closely  related  forms  in  the  Raton 
formation: 

Anemia  eocenica. 
Asplenium  hurleyensis. 
Pteris  pseudopinnaefonnis. 
Chamaedorea  danai. 
Canna  eocenica. 
Dryophyllum  purj^earensis. 
Artocarpus  wilcoxiana. 
Cinnamomum  oblongatum. 
Cassia  glenni. 
Sophora  henryensis. 
Sapindus  eoligniticus. 

»  E.  W.  Berry  and  I  have  l)een  in  constant  consultation  regard- 
ing the  relations  between  the  floras  of  the  Raton  and  Wilcox  forma- 
tions, and  though  we  are  in  absolute  accord  as  to  the  al>ove-lLstcd 
plants  being  common  to  the  two  formations,  we  arc  not  altogether 
agreed  as  to  the  names  they  shall  bear.  Some  of  the  disagreement 
resulted  from  difTorences  in  nomenclatorial  interpretation  and  others 
from  differences  as  to  biologic  allocation.  In  order  that  there  may  l)e  a 
minimum  of  confusion  in  comparing  the  two  list^  the  names  adopted  by 
lir.  Berry  that  differ  from  those  employed  in  the  present  work  are  given 
ImIow,  his  names  following  mine. 

Ficus  uncata»  Ficus  monodon. 

Ficus  latifolia»  Ficus  planicostata  latlfolia. 

Magnolia  lesleyanas  Terminalia  leslcyana.- 

Ifagnolia  hilgardianaa-  Terminalia  hilgardiana. 

Magnolia  cordif61ia»Combretum  ovalis. 

Laurus  pcdatos—Osmanthus  pedatus. 

Laurus  ratonensLs>-  Ficus  pseudolmediafolia. 
•  Berry,  E.  W.,  The  lower  Eocene  floras  of  southeastern  North 
America:  XJ.  8.  Oeol.  Survey  Prof.  Paper  91,  p.  148, 1916. 


Concerning  this  and  the  preceding  list  Berry 

says : 

This  is  an  imposing  array  of  identical  or  cloeely  related 
forms  and  indicat<?8  that  the  two  floras  can  not  differ  very 
materially  in  age;  that  is,  that  one  can  not  be  Eocene  and 
the  other  Cretaceous.  The  Wilcox  differs  from  the  Raton 
flora  in  the  large  number  of  Leguminosae  and  Lauraceae 
and  in  the  presence  of  many  genera  whose  representatives 
still  live  in  the  tropical  and  subtropical  regions  of  America. 
*  *  *  The  fact  that  the  commonest  and  not  the  most 
significant  forms  usually  occur  in  remote  areas  leads  me 
to  the  conclusion  that  the  W^ilcox  flora  is  somewhat  younger 
than  the  Raton  flora,  to  which  it  bears  the  same  relation 
that  it  does  to  the  Midway  (?)  flora.  This  conclusion  is 
also  influenced  by  the  stratigraphic  relations  in  the  em- 
bayment  area,  and  the  result  is  that  I  consider  the  Midway 
as  in  whole  or  in  part  synchronous  with  the  Raton.  I  have 
seen  a  large  amount  of  the  Raton  material  in  connection 
with  my  Wilcox  studies  and  have  also  visited  the  area 
and  feel  entirely  justified  in  the  conclusion  that  it  is  of 
Eocene  age  and  slightly  older  than  the  Wilcox. 

As  this  is  the  first  time,  at  least  in  recent 
years,  that  this  portion  of  the  Rocky  Mountain 
section  has  been  intimately  compared  with  a 
definitely  placed  eastern  section,  a  brief  descrip- 
tion of  the  latter  and  what  it  signifies  may  be 
of  interest. 

The  Wilcox  formation '  takes  its  name  from 
Wilcox  County,  in  south-central  Alabama, 
where  its  beds  are  characteristically  developed. 
It  extends  as  a  broad  coastal  belt,  exposed  or 
covered,  from  Georgia  well  into  eastern  Texas, 
being  especially  well  exposed  and  characterized 
at  many  points  in  Alabama,  Mississippi,  and 
Louisiana.  It  has  a  maximum  tliickness  of  800 
to  900  feet  and  is  composed  of  '*  dark,  finely 
laminated  sands  and  clays  containing  much 
vegetable  matter  either  scattcre<l  through  the 
mass  or  accumulated  in  Ugnite  be<:ls,  and  occa- 
sional layers  containing  marine  shells.'^*  In 
some  localities  it  contains  a  bed  of  lignite  6  to 
7  feet  thick  near  its  base  and  another  in  its 
upper  portion. 

The  Wilcox  formation  is  underlain  by  the 
marine  Eocene  Midway  formation  and  overlain 

•  Owing  to  the  fact  that  the  limits  of  the  several  Upper  Cretaceous  and 
Tertiary  formations  of  the  (Julf  region  are  more  or  less  obscured  by  over- 
lap and  by  lithologic  similarity  and  have  been  inadequately  studied 
paleontologically,  there  have  been  many  differences  of  interpretation. 
What  is  now  accepted  as  the  Wilcox  formation  has  been  known  as  the 
"Sabine"  formation  (from  a  typical  development  along  Sabine  Biver 
in  Sabine  County,  Tex.)  and  the  "Chickasaw"  group,  these  being  Its 
direct  equivalents.  In  whole  or  in  part  it  has  been  called  ''  Lignitic/' 
"Eo-Lignitic,"  "Mansfield,"  "Camden,"  "Lagrange,"  and  "Tlmbs^ 
belt  or  Sabine  River  beds,"  these  now  being  abandoned  tar  one  reason 
or  another.  For  discussion  of  the  synonymy  of  the  Wilcox  or  "  Sabine" 
formation,  see  Veatch,  \.C.,  U.  8.  Oeol.  Survey  Prof.  Paper  40,  pp.  34-35, 
1906:  and  Willis,  Bailey,  U.  8.  Oeol.  Survey  Prof.  Paper  71,  pp.  36,  730^ 
1912. 

<  Veatch,  A.  C,  op.  cit.,  p.  35. 
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by  the  Qaibome  group,  which  is  also  of  marine 
origin.  Its  position  is  definitely  fixed,  there- 
fore, by  the  underlying  marine  Eocene  as  weU 
as  by  intercalated  layers  that  contain  marine 
Ek}cenei  invertebrates. 

The  first  contribution  to  the  flora  of  the 
Wilcox  formation  (then  called  the  "Lignitic'') 
was  made  by  Lesquereux  *  in  1869,  when  he 
described  and  figured  30  species.  The  exact 
localities  whence  they  came  are  given  by  Les- 
quereux as  follows:  Hurley's  schoolhouse,  now 
known  as  Flat  Rock  Church,  Benton  Coimty; 
Golemans  Mill,  near  New  Prospect,  Winston 
County;  and  Oxford,  Lafayette  Coimty,  all  in 
Mississippi. 

The  next  report  was  also  by  Lesquereux*  and 
wa&  on  two  small  lots  of  plants,  one  from  Camp- 
bell's quarry  at  Cross  Lake,  near  Shreveport, 
and  the  other  from  McLees,  2  miles  north  of 
Mansfield,  both  in  Louisiana.  This  paper 
enumerates  17  species,  15  of  which  are  new 
to  this  flora,  though  common  to  the  Denver, 
Green  River,  and  other  deposits  of  the  Rocky 
Mountains. 

The  third  paper  dealing  with  this  flora  is  one 
by  HoUick*  on  plants  from  the  vicinity  of 
Shreveport.  HolUck  enumerates  36  forms,  7 
being  regarded  as  new  to  science. 

Combined,  the  forms  given  in  these  three 
papers  make  a  nominal  list  of  76  species  repre- 
senting the  flora  of  the  Wilcox  formation,  but 
duplications  and  misidentifications  reduce  the 
number  to  about  65. 

During  the  15  years  that  have  elapsed  since 
HoUick's  report  was  published  very  extensive 
collections  have  been  obtained  during  the  work 
incident  to  the  Coastal  Plain  investigations 
under  the  direction  of  Dr.  T.  W.  Vaughan. 
This  material  has  been  elaborated  by  E.  W. 
Berry,  with  the  result  that  the  flora  of  the 
Wilcox  has  now  been  increased  to  about  330 
species,  of  which  about  250  have  proved  to  be 
new  to  science.  This  great  increase  in  the 
Wilcox  flora  is  largely  due  to  the  fact  that 
especial  attention  was  given  to  the  collecting  of 
small,  generally  overlooked  forms,  of  which 
there  are  great  numbers,  particularly  among  the 
Leguminosae.    The  fact  that  the  fine-grained 

t  Lesqnereiix,  Leo,  On  species  of  plants  from  the  Tertiary  of  the 
State  of  Mississippi:  Am.  Philos.  Soc.  Trans.,  vol.  13,  pp.  411-430,  pis. 
14-22, 1809. 

«  U.  8.  Nat.  Mus.  Proc.,  vol.  11,  pp.  24,  25,  1888. 

*  Report  on  a  colleotion  of  fossil  plants  from  northwestern  Ix)uisiann: 
Looiaiaaa  Oeol.  Survey  Rept.  1888,  pp.  276-288,  pis.  32-48, 1900. 


clays  in  which  this  flora  is  largely  preserved  are 
especially  favorable  to  the  preservation  and 
subsequent  successful  study  of  the  numerous 
small  leaves  and  leaflets,  and  that  the  sand- 
stones and  conglomeratic  matrix  holding  the 
Raton  flora  are  not  so  well  fitted  to  preserve 
small  things  accounts  for  some  of  the  difference 
between  the  two  floras.  But  imdoubtedly 
much  of  it  is  to  be  attributed  to  the  fact  that 
the  Wilcox  is  mainly  a  strand  flora  and  the 
Raton  largely  a  swamp  flora. 

Spedes  ecmimon  to  the  Raton  and  Fort  Union  formations. 

Juglans  nigella. 
Juglans  nigosa. 
Ficu8  artocarpoidee. 
Magnolia  hilgardiana. 
Platanus  aceroides. 
Platanus  guillelmae. 
Platanus  raynoldsii. 
Leguminosites  araohioides. 
SapLndns  affinis. 
Berchemia  multinervifl. 

The  Fort  Union  flora  is  very  large,  number- 
ing perhaps  500  species,  and  consequently  the 
above  list  of  10  species  is  not  remarkable;  yet 
it  shows,  when  taken  in  conjunction  with  the 
other  Tertiary  floras,  that  there  is  an  appreci- 
able relation  between  the  Raton  and  the  Fort 
Union.  The  latter  flora  is  much  in  need  ol 
critical  revision,  and  when  this  can  be  done  it 
will  doubtless  disclose  more  in  common.  Cer- 
tain of  the  species  common  to  the  two,  such  as 
Ficus  artocarpoideSj  Platanus  raynoldsii,  Legu- 
minosites  araohioides ,  are  a  very  important 
element  in  the  Fort  Union  flora. 

ECOLOGIC  CONSIDERATIONS. 

The  caution  that  is  necessary  to  be  observed 
in  treating  the  probable  ecologic  conditions 
under  which  a  flora  now  fossil  may  have  lived 
has  already  been  discussed  (p.  233)  and  neec 
not  be  repeated. 

The  large,  coarse  marine  algae  which  formed 
such  an  important  ecologic  feature  in  Vermejc 
time  are  of  course  absent  from  the  beds  of  th( 
Raton  formation,  for  the  close  of  the  Cretaceouj 
witnessed  the  permanent  withdrawal  of  th( 
sea  from  the  Raton  region.  No  remains  o: 
conifers  have  thus  far  been  found  in  the  Rator 
formation,  and  although  it  seems  probable  thai 
they  were  present  it  is  certain  that  they  die 
not  exist  in  conspicuous  numbers. 

The  ferns  of  the  Raton  formation  are  fev 
in  number  and  all  belong  to  a  single  family 
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(Polypodiaceae) ,  and  so  far  as  can  be  made  out 
they  might  have  been  at  home  in  or  along  the 
borders  of  swamps. 

Undoubtedly  one  of  the  most  conspicuous 
and  dominant  elements  in  this  flora  was  the 
palms,  of  which  (see  p.  287)  there  were  at  least 
six  genera  and  nine  species,  some  of  them  being 
exceedingly  abundant  in  individuals.  Knowl- 
edge of  the  habit-at  enjoyed  by  the  living  forms 
to  which  the  Raton  forms  appear  to  be  related 
indicates  that  they  required  a  relatively  moist, 
warm  situation  whose  temperature  did  not  fall 
much  if  any  below  42°  F. 

The  amentiferous  trees  were  apparently 
abundant,  as  there  were  no  less  than  nine  wal- 
nuts (Juglans)j  two  poplars  (Populus),  one 
beech  (Fagus)^  one  chestnut  (Cdstanea),  and 
six  or  seven  oaks  (QuercuSj  Dryophyttum) .  At 
the  present  time  these  genera  enjoy  a  wide 
range  of  climatic  conditions,  but  as  a  majority 
of  the  fossil  forms  under  consideration  are  of 
types  that  are  foimd  in  temperate  or  warm- 
temperate  habitats,  it  seems  safe  to  assume 
such  conditions  for  their  predecessors. 

The  15  species  of  figs  {Ficus),  as  well  as  the 
3  breadfruit  trees  (Artocarpus)  j  undoubtedly 
ai^e  for  a  warm  climate.  Magnolias  were  also 
abimdant  and  likewise  predicate  a  warm  habi- 
tat, as  do  the  laurels  (Laurtis),  cinnamons 
(Cinnamomum) J  and  related  forms  (Nectandraj 
Oreodaphne,  etc.).  Sycamores  were  not  only 
numerous  in  species  but  were  abundant  in  in- 
dividuals and  appear  to  call  for  warm-temper- 
ate conditions.  The  Leguminosae  are  repre- 
sented by  several  types  such  as  Sophora, 
Cassia  J  Inga,  etc.,  which  have  similar  require- 
ments. The  sumac  {Rhus),  bittersweet  {Cela^- 
trus)j  spindle  tree  {Euonymus),  redroot  (Ceano- 
thus)y  and  buckthorn  (Rhamnus)  are  mainly 
of  temperate  or  warm-temperate  distribution. 
A  similar  story  is  told  by  such  forms  as  BercJie- 
miuj  Paliurus,  ZizyphuSy  Sterculia,  Cissus, 
Hedera,  and  Aralia.  VitiSj  Andromeda,  and 
VibuTmum  preferred  rather  cooler  climates. 

The  physical  conditions  under  which  the 
Raton  flora  existed  do  not  appear  to  differ 
greatly  from  those  which  existed  in  Vermejo 
time.  There  is  no  evidence  that  the  sea  occu- 
pied this  area  after  the  close  of  the  Cretaceous, 
but  much  of  the  country  must  have  remained 
at  or  near  water  line  for  very  long  periods,  this 
b^ing  abundantly  attested  by  the  numerous 
thick  beds  of  coal.     As   in  the   case  of   the 


Vermejo,  a  series  of  great  swamps  and  marshes 
may  be  imagined,  in  and  around  which  grew 
much  of  the  plant  life  of  the  time.  In  the 
shallow  open  waters  there  were  water  lilies  of 
the  famihar  types.  In  the  marshes  grew  the 
tall,  reedlike  grass,  PhragmiteSj  and  doubtless 
several  of  the  small  ferns.  About  the  edges  of 
the  marshes  were  palms,  figs,  cinnamons,  and 
breadfruit  tr^es.  In  the  denser  swamps  there 
were  probably  figs,  magnolias,  sweetgums, 
sycamores,  and  certain  of  the  climbing  vines. 
On  higher  and  drier  ground  were  oaks,  walnuts, 
beeches,  viburnums,  and  grapes. 

The  presence  of  the  numerous  coal  veins  as 
well  as  the  character  and  luxuriance  of  the 
vegetation  indicates  that  moisture  was  abun- 
dant, and  the  known  distribution  of  the  Uving 
representatives  of  the  Raton  flora  make  it  more 
than  probable  that  the  climate  was  at  least 
warm  temperate,  perhaps  not  unhke  that  now 
prevaiUng  in  South  CaroUna  and  Georgia.  In 
fact  there  is  no  evidence  that  the  physical  and 
climatic  conditions  had  changed  from  those  of 
Vermejo  time. 

AGE  OF  THE  RATON  FORMATION. 

The  evidence  on  which  the  Raton  formation 
is  believed  to  be  referable  to  the  Tertiary  may 
be  summarized  as  follows : 

That  the  imderlying  Vermejo  is  of  Cretaceous 
age  is  estabUshed  by  its  stratigraphic  position, 
its  invertebrate  fossils,  and  especially  by  its 
plants,  wliich  correlate  it  with  the  Montana  in 
the  approximate  position  of  the  Mesaverde 
formation.  The  Vermejo  is  terminated  by  an 
unconformity  which  is  correlated  with  the 
time  interval  separating  the  Dawson  arkose 
from  imderlying  beds,  the  Arapahoe  from  the 
true  Laramie  in  the  Denver  Basin,  the  "  Upper 
Laramie''  of  Veatch  from  the  so-called  "Lower 
Laramie,'^  in  eastern  Wyoming,  and  I  believe  it 
to  be  represented  between  the  Lance  formation 
and  underlying  beds  (Fox  Hills  and  Pierre). 

So  far  as  is  at  present  known  only  4  of  the 
108  Vermejo  species  pass  over  the  unconformity 
between  the  Vermejo  and  the  Raton.  This 
distinction  is  further  emphasized  by  the  fact 
that  of  the  49  Vermejo  genera  the  28  following 
do  not  appear  in  the  Raton: 

Rosellinites. 
Hal>aiienites. 
Chondrites. 
Caulerpites. 
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Acroetichiim. 

Polystichum. 

Woodwardla. 

Stenopteris. 

Osmunda. 

Gleichenia. 

Biachyphyllum. 

Abietites. 

Geinitzia. 

Sequoia. 

Widdringtonitee.  ' 

Taxodium. 

Sparganium. 

Myrica. 

Salix. 

Credneria. 

Liriodendron. 

Amelanchier. 

Phaseolites. 

Sterculia. 

Pterospermites. 

Cissites. 

Diospyros. 

Fraxinufi. 

It  is  of  course  true  that  certain  of  these  gen- 
era appear  in  the  Tertiary  of  other  areas,  but 
a  considerable  proportion  of  them  are  exclu- 
sively  Cretaceous.  The  differences  in  the  floras 
of  the  two  formations .  are  not  such  as  might 
be  explained  by  differences  in  physical  condi- 
tions, for,  as  shown  in  the  ecologic  discussion 
>f  the  two  floras,  these  are  practically  iden- 
wdcal.  The  conclusion  is  therefore  reached  that 
the  hiatus  between  the  Vermejo  and  Raton 
floras  can  be  explained  only  by  the  lapse  of  a 
very  long  period  of  time. 

The  Raton  formation  is  to  be  correlated  with 
the  WilQOx,  and  probably  with  the  Midway 
formation  of  the  Gulf  region,  though  the  latter 
is  mainly  marine,  and  contains  only  10  species 
of  plants,  8  of  which,  however,  occur  in  the 
Raton.    The  Tertiary  age  of  the  Midway  and 


Wilcox  formations  is  not  questioned.  The  Wi! 
cox  contains  a  flora  of  about  330  species,  c 
which  number  only  about  80  have  outside  dis 
tribution.  Of  the  Raton  flora  of  148  specie 
38  are  either  identical  with  or  very  closely  re 
lated  to  Wilcox  species.  Most  of  the  specie 
held  in  common  are  the  abimdant  and  charac 
teristic  forms  that  occur,  some  of  them  in  grea 
numbers,  in  both  areas.  There  can  be  n 
doubt,  at  least  in  the  author's  opinion,  in  coi 
relating  the  two  horizons.  Of  the  80  Wilco: 
species  having  outside  distribution  about  45  ar 
common  to  the  Raton,  Denver,  or  Fort  Unior 
and  not  one  is  known  from  the  Cretaceou 
anywhere. 

The  Tertiary  age  of  the  Raton  is  further  at 
tested  by  the  presence  in 'it  of  the  foUoiJvinj 
genera  which  have  not  been  reported  in  olde 
beds: 

Alismaphyllites. 

Oreodoxites. 

Geonoma. 

Caatanea. 

Ulxnus. 

Cercocarpus. 

Leguminosites  (fruit). 

Sophora. 

Xanthoxylum. 

Euphorbocarpum . 

Euonymus. 

Berchemia. 

Chionanthus. 

Palmocarpon? 

On  the  basis  of  the  plants  the  Raton  forma 
tion  is  also  correlated  with  the  Arapahoe  an( 
the  Denver  formations  of  the  Denver  Basin 
and  the  latter  is  now  known  to  be  correlates 
with,  and  in  fact  to  be  practically  continuou 
with,  the  Dawson  arkose.  The  conclusion  i; 
reached  that  all  these  formations  are  Tertian 
(Eocene)  in  age. 
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Chapter  2.— FLORA  OF  THE  VERMEJO  FORMATIONS 


THALLOPHYTA. 

FTTNGI. 

FamUy  SPHAEBEACEAE. 

RoseUinites  lapideus  (Lesquerenx)  Knowlton. 

Spheria  lapidea  Lesquereux,  U.  S.  Oeol.  Survey  Terr.  Ann. 

Rept.,  1872,  p.  373,  1873;  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7  (Tertiary  flora),  p.  34,  pi.  1,  fig.  3, 

1878. 
RoseUinites  lapideus  (Lesquereux)  Knowlton,  U.  S.  Geol. 

Survey  Bull.  152,  p.  204,  1898. 
Sphaerites  lapideus  (Lesquereux)  Meschinelli,  Syllogefun- 

gorum  fossilium,  p.  30,  1892. 

Lesquereux^s  description  is  as  follows: 

Perithecea  round,  highly  convex,  1-2  millimeters  broad, 
growing  in  lineal  series  from  under  the  bark  and  piercing 
it  before  opening;  borders  irregularly  lacerated;  color 
whitish. 

The  type  and  only  known  specimen  of  this 
species  is  preserved  in  the  United  States  Na- 
tional Museum  (No.  3).  It  is  obscure  and  of 
little  value,  either  geologically  or  biologically. 

Occurrence:  Trinidad  sandstone  (Cretace- 
ous); near  Trinidad,  Colo.,  collected  by  Leo 
Lesquereux  in  1871. 

ALGAE. 
Haljrmenites  major  Lesqaerenx. 

Halyrrvenites  m:ijor  Lesquereux,  U.  S.  Creol.  Survey  Terr. 

Ann.  Rept.,  1872,  pp.  373,  390,  1873;  idem,  1873, 

pp.  379,  384,  386,  1874;  idem,  1876,  p.  496,  1878; 

U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 

flora),  p.  38,  pi.  1,  figs.  7,  8,  1878. 
Eldridge,  Am.  Jour.  Sci.,  3d  ser.,  vol.  38,  p.  317, 1889; 

Stevenson,  Geol.  Soc.  America  Bull.,  vol.  1,  p.  532, 

1890. 
Stanton  and  Knowlton,  Geol.  Soc.  America  Bull.,  vol. 

8,  p.  154,  1897. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  17, 1900. 
Hatymenites  minor  Fischer-Ostheim.     Lesquereux,  U.  S. 

Geol.  Survey  Terr.  Ann.  Rept.,  1872,  p.  373,  1873; 

idem,  1876,  p.  496,  1878;'  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7  (Tertiary  flora),  p.  39,  pi.  1,  fig.  9, 

1878. 

Ilalymenites  major  is  one  of  the  most  abun- 
dant and  widely  distributed  fossil  organisms 
known  in  the  Rocky  Mountain  region.     It  has 

1  The  localities  of  most  of  the  fossil  plants  described  In  this  paper  are 
Indicated  by  means  of  the  lot  catalogue  nombers  on  the  map  of  the 
region  (PI.  I). 
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a  cylindrical  or  slightly  flattened  stem  or 
''frond/'  usually  about  2  centimeters  in  diam- 
eter, and  is  dichotomously  or  pinnately 
branched  or  is  sometimes  divided  into  shorter 
and  smaller  branches.  In  length  the  pieces 
observed  are  diverse,  some  being  only  a  few 
centimeters  long,  others  extending  over  or 
through  the  matrix  for  a  distance  of  nearly 
or  quite  a  meter  and  showdng  numerous  fork- 
ings.  The  sm^ace  is  covered  with  roimd  ele- 
vated or  half-globular  tubercles  2  to  5  milli- 
meters broad  and  equally  thick.  These  tuber- 
cles are  either  distant  and  separate  or  crowded 
and  connected  at  the  borders  and  are  more  or 
less  irregular,  even  on  the  same  fragment,  but 
are  always  present.  This  roughened  or  tuber- 
culate  appearance  has  given  rise  to  the  collo- 
quial name  ''fossil  com  cob,''  by  which  they 
are  known  in  many  places.  The  cylindrical 
organism  itself  is  easily  detached  from  the 
matrix  and  when  removed  loaves  behind  the 
deep,  irregular  pits  or  impressions  of  the 
tubercles,  and  this  is  perhaps  the  conmionest 
condition  under  which  it  is  observed  or  col- 
lected. 

The  presence  of  Halymenites  major  is  held  to 
indicate  marine  conditions,  for  wherever  it  is 
found  in  association  with  invertebrates  they 
are  always  of  marine  types.  It  is  also  behoved 
to  indicate  relatively  shallow  water  and  near- 
shore  conditions.  For  example,  Halymenites 
was  not  present,  so  far  as  now  recalled,  in  the 
deep  sea  during  and  at  the  close  of  the  Pierre; 
but  during  the  succeeding  Fox  Hills  epoch,  the 
shaly  sandstones  of  which  give  evidence  of 
littoral  conditions,  it  was  exceedingly  abun- 
dant. In  fact,  it  is  so  abundant  and  almost 
imiversal  in  the  Fox  Hilb  that  it  may  almost 
be  said  to  be  characteristic  of  that  epoch,  yet 
this  is  not  quite  true,  for  it  occurs  sparingly  in  . 
beds  at  perhaps  the  middle  of  the  Colorado 
group,  at  several  horizons  in  the  Montana 
group,  and  possibly  as  high  as  the  lower  por- 
tion of  the  true  Laramie  formation.  This  lat- 
ter horizon,  however,  may  be  referable  to  the 
extreme  upper  portion  of  the  Fox  Hills  sand- 
stone, and  not  to  the  Laramie  at  all. 
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OccuTTence :  Trinidad  sandstone  (Cretaceous) ; 
Trinidad,  Coto.,  collected  by  G.  B.  Kichard- 
Bon  (5108);  Spring  Canyon,  Willow  Canyon, 
N.  Mex.,  collected  by  Orestes  St.  John  in  1902; 
Vermejo  Park,  N,  Mex.,  collected  by  Orestes 
St,  John,  1S94.  Rockvale  sandstone,  member 
of  Vermejo  formation,  Rockvale,  Colo,,  col- 
lected at  various  dates  by  Washbume,  Knowl- 
ton,  Stanton,  and  Lee.  Near  top  of  coal- 
bearing  rocks  just  below  the  "rim  rock"  near 
Rockvale,  Colo.,  collected  by  W.  T.  Lee. 

Halymenltes  striatns  Lesqnereaz. 

■  Bafymtnila  ttriatui  Leequereuz,  U.  S.  Geo).  Survey  Terr. 
Ann.  Rept.,  1872,  p.  373,  1873;  idem,  1873,  p.  373, 
1874;  idem,  1876,  p.  496,  1878;  U.  S.  Geol.  Survey 
Terr.  Rept,  vol.  7  (Tertiary  flora},  p.  37,  pi,  1,  fig. 
6, 1878. 

The  type  specimens  of  this  species  are  all 
No,  4  of  the  United  States  National  Museum 
collection.  They  are  all  mere  fragments, 
scarcely  3  inches  long,  and  seem  inadequate  for 
the  proper  characterization  of  a  species,  How- 
evsr,  judging  from  the  original  mention  of  the 
species,  Iiesquereux  must  have  had  much  better 
material,  for  he  speaks  of  their  "penetrating 
the  sandstone  in  every  direction  and  in  such  a 
way  that,  as  the  remains  are  extremely  abun- 
dant, it  is  very  difficult'  to  separate  them,  even 
in  small  fragments."  They  differ  from  other 
similar  forms  in  having  the  stems  smooth  or 
more  or  less  regularly  striate.  No  additional 
specimens  appear  to  have  been  obtained, 

Occiirrence :  Trinidad  sandstone  (Cretaceous), 
Baton  Mountains,  N,  Mex,,  collected  in  1872 
by  Lieo  Lesquoreux, 

Cbondrites  bolboras  Lesgnerenx, 

Chimdrite»  bulbo$iu  Leequereux,  U.  8.  Geol.  Survey  Ten-. 
Ann.  Rept,  1872,  p.  373,  1873;  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  42,  pi.  I, 
fig.  U.  1878. 

The  original  description  is  as  follows; 

FVond  flattened  irre^tarly,  aubpinnately  divided  in 
(^poMte  or  sltemste  branriiee.  close  to  each  other,  or 
distant,  ghort,  inflated,  wime  of  them  irre^Tilar  tubercles- 

"niis  species  was  fairly  well  described  f^d 
figured  by  Lesquereux.  It  was  not  noted  in 
any  of  the  recent  collections  from  the  area. 
The  types  do  not  appear  to  be  preserved  in 
the  United  States  National  Museum. 


Occurrence :  Trinidad  sands tone(Cretaceous) ; 
Dear  Trinidad,  Colo,,  collected  in  1871  by  Leo 
Lesquereux. 

Chmidrites  enbdinidex  Lesqneraas. 

CkmndriU*  tubtimpler  I.eaquereux,  U.  S.  Geol.  Survey 
Terr.  Ann.  Rept.,  1872,  p.  373.  1873;  idem.  1870, 
p.  497,  1878;  U.  S.  Geol.  Survey  Terr.  Rept.,  vol, 

7  (Tertiary  flora),  p.  41,  pi.  1,  fig.  13.  1878. 

Lesquereux's  description  and  accompanyinj; 
remarks  concerning  this  species  are  as  follows: 

Frood  cyliudriral,  more  or  leas  flattened  by  compres- 
iion,  with  rare,  dicbolomoua,  long,  flexuose  broncber, 
mostly  of  the  same  aze  in  their  whole  lengtb. 

This  species  is  found  generally  flattened,  with  its  ex- 
panded, long,  flexuoee  branches  covering  large  slabs  or 
pasung  across  layers  of  ahaly  BaDdstone.  Sometimra  the 
filaments  or  fronds  appear  simple,  linesir;  •  •  •  rarely 
theybranch  by  simple  forkiag  of  the  main  axis,  preservintr 
the  same  size;  some  of  the  divisions,  however,  gradually 
decrease  in  aise  to  around  point  half  as  brood  aa  the  main 
stem.  The  surface  is  irrepilarly  roughened,  eepecially 
sli^tly  minkled  along  tl,e  bordere,  and  Che  middle  iii 
generally  marked  by  a  depreasion  which  seems  to  indi- 
cate a  fistuloee  character  of  the  stem  and  itfl  diviflone. 

Hie  type  specimens  of  this  species  are  pre- 
served in  the  United  States  National  Museum 
(No.  6),  but  no  additional  examples  have  been 
positively  identified  in  recent  year,s.  A  num- 
ber of  fragmentary  stemlike  bodies  that  may 
have  been  referable  to  this  form  have  been 
observed  in  the  lower  beds,  but  none  was 
sufficient  for  positive  determination. 

Occurrence:  Trinidad  sandstone  (Cretaceous) ; 
near  Trinidad,  Colo.,  collected  in  1871  by  Leo 
Lesquereux. 

Canler^tes  incnwMtiw  (LcMpiereiix)  LeaqDcreox. 


DtUiteria  iticroMaata  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Ann.  Rept.,  1872,  p.  374, 1873;  idem,  1873,  p.  379, 

1874. 
Caultrpitei  irtertuiatui  (Lesquereux)  Leequereux,  U.  S, 

Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 

p.  40,  pi.  1,  figs.  11,12,  1878. 

The  type  specimens  of  this  species  are  pre- 
served in  the  United  States  National  Museum 
(Nos.  7,  8),  and  represent,  so  far  as  known, 
the  only  ones  thus  far  obtained.  In  view  of 
its  natiu'e  the  species  has  been  well  character- 
ized and  illustrated  by  Lesquereux. 

Occurrence:  Trinidad  sandstone  (Cretaceous) ; 
near  Trinidad  Colo.,  collected  in  1871  by  Leo 
Lesquereux. 
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PTEBIDOPHTTA. 

Order  FUJCALES. 

Fkndly  POLYPODIACSAB. 

Acrostichum  haddeni  Hollick. 

Acrostichum  haddeni  Hollick,  Torreya,  vol.  2,  p.  146,  pi.  4, 
figs.  3,  4.  5,  6,  1902. 

Hollick  describes  the  species  as  follows: 

General  form  of  frond  unknown;  pinnae  (?)  apparently 
20  centimeters  or  more  in  length  by  about  3  centimeters 
fn  maximum  width,  narrowed  to  acute  tips  and  with 
coarsely  crenulate  serrate  margins;  nervation  consisting  of 
a  series  of  alternate  pinnately  arranged  veins,  extending 
from  the  rachis  to  the  extremities  of  the  serrations,  with 
the  spaces  between  occupied  by  a  network  of  fine  nerves. 

This  species  is  based  on  four  figured  speci- 
mens, three  of  which  (figs.  3,  5,  and  6)  came 
from  '' grayish  sandstone,  Walsenburg,  Colo.," 
and  the  fourth  (fig.  4),  from  ''gray  shale, 
Florence,  Colo.'*  As  this  species  was  not  con- 
tained in  any  of  the  collections  recently  ob- 
tained its  exact  stratigraphic  position  is  un- 
known and  it  can  not  be  employed  as  an  hori- 
zon marker. 

As  set  forth  under  Anemia  supercretdcea  and 
A,  robusta,  it  is  probable  that  the  specimen 
labeled  as  having  come  frpm  Florence,  Colo., 
came  from  the  vicinity  of  Rockvale,  Colo., 
and  the  description  of  the  matrix  as  a  ''gray 
shale''  suggests  the  possibility  that  it  is  from 
below  the  top  of  the  Rockvale  sandstone  mem- 
ber of  the  Vermejo  formation;  but  obviously 
this  position  can  not  be  fixed  imtil  the  species 
is  again  collected  from  beds  of  known  position. 

The  types  of  Acrostichum  haddeni  are  in  the 
paleobotanic  museum  of  the  New  York  Botani- 
cal Garden. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
'' grayish  sandstone,  Walsenburg,  Colo.''  (figs.  3, 
5,  G);  "gray  shale,  Florence,  Colo."  (fig.  4); 
exact  stratigraphic  position  unknown. 

Polystichum  hillsianum  HoUick. 

Polystichum  hillsianum  Uollick,  Torreya,  vol.  2,  p.  146, 
pi.  4.  fig.  7,  1902. 

The  single  specimen  on  which  the  present 
species  was  based  is  said  to  have  come  in  red- 
dish shaly  sandstone  from  Florence,  Colo., 
though,  as  set  forth  under  several  of  the  pre- 
ceding species,  it  seems  probable  that  the 
locaUty  is  the  cliff-forming  sandstone  near 
Rockvale,  Colo.,  which,  in  places,  is  shaly  and 
reddish  in  color  and  is  known  to  be  abundantly 


plant  bearing.  However,  this  species  is  not 
contained  in  any  of  the  recent  collections  from 
the  region  and  consequently  it  can  not  be  em- 
ployed in  exact  stratigraphic  work.  The  type 
is  in  the  New  York  Botanical  Garden. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
"in  reddish  shale,  Florence,  Colo.";  presimi- 
ably  about  250  feet  above  the  Rockvale  sand- 
stone member  of  the  Vermejo  formation  at  or 
near  Rockvale,  Colo. 

Pteris  erosa  Lesquereux. 

Pteris  erosa  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Ann 
Rept.,  1871,  Suppl.,  p.  12,  1872;  U.  S.  Geol.  Sur- 
vey Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  63,  pi. 
4,  fig.  8,  1878;  idem,  vol.  8  (Cretaceous  and  Ter- 
tiary floras),  p.  121,  pi.  19,  fig.  1,  1883. 

Asplenium  erosum  (Lesquereux)  Knowlton,  U.  S.  Greol. 
Survey  Bull.  152,  p.  4-5,  1898. 

The  type  locality  of  this  fine  species  is  given 
as  Fishers  Peak,  Raton  Mountains,  where  it 
was  first  collected  by  Hayden,  in  1867.  It 
was  subsequently  found  in  the  Denver  forma- 
tion at  Golden,  Colo.,  as  recorded  by  Les- 
quereux in  "The  Cretaceous  and  Tertiary 
floras,''  and  occurs  in  many  of  the  recent  col- 
lections from  that  place.  In  a  collection  from 
a  locality  suj^posed  to  be  in  the  Arapahoe  for- 
mation (now  known  to  be  Dawson  arkose), 
near  Sedalia,  Colo.,  there  was  foimd  a  fine 
fruiting  example,  which  served  as  the  basis 
for  transferring  the  species  to  the  genus 
Asplenium,  Subsequent  study  of  this  fruit- 
ing specimen,  together  with  very  completely 
preserved  sterile  material,  has  led  to  the  con- 
clusion that  though  undoubtedly  asplenoid  in 
character  it  is  not  j)roperly  referable  to  Asple- 
nium. It  is  to  be  made  the  basis  of  a  new 
genus,  and  a  characterization  is  already  in 
writing,  but  as  extensive  synonymy  and  a 
large  series  of  figures  will  be  necessary  to  make 
the  matter  clear,  the  present  is  not  deemed  a 
satisfactory  place  and  it  has  been  considered 
under  its  original  name  of  Pteris  erosa. 

This  s])ecies  is  one  of  the  very  few  that 
apparently  cross  the  Une  from  the  Vermejo 
to  the  Raton  formation.  The  type  locality 
was  apparently  in  the  Raton  formation,  but 
notwithstanding  the  extensive  collections  that 
have  been  made  in  recent  years  from  this  for- 
mation it  is  not  contained  in  any  of  them.  It 
has,  however,  been  found  in  two  of  the  col- 
lections from  the  Canon  City  field  in  the  Ver- 
mejo   formation.     Outside    the    areas    under 


FLOBA  OF   THE  VEBMEJO  FORMATION. 


245 


consideration  it  has  been  found  most  abun-  | 
dantly  in  the  Denver  fonnation   at  Golden, 
Colo. 

Occurrence:  Raton  fonnation  (Tertiary) 
type,  Fishers  Peak,  Raton  Mountains,  C^olo., 
collected  by  F.  V.  Hayden  in  1867.  Vermejo 
formation  (Cretaceous),  Canon  City  coal  field 
Colo.  (sec.  30,  T.  19  S.,  R.  69  W.),  collected  by 
W.  T.  Lee  (5790);  dump  of  Rockvale  mine, 
Rockvale,  Colo.,  F.  H.  Knowlton,  collector. 
Denver  formation  (Tertiary),  Golden,  Colo. 

Pteris  rossellii  Newberry. 

Pteria' russellii  Newberry,  U.  S.  Nat.  Mus.  Proc.,  vol.  5, 
p.  503,  1883;  U.  S.  Geol.  Survey  Mon.  35,  p.  7,  pi. 
61,  figs.  1,  la,  1898. 

The  description  written  by  Newberry  follows: 

Frond  laiige,  pinnate;  pinnae  crowded,  linear  in  outline, 
nazTow,  long-pointed  above,  attached  to  rachis  by  entire 
base;  decurrent;  length  16  to  20  centimeters;  width  10 
millimeters;  maigins  undulate  below,  irregularly  and 
coarsely  toothed  above;  nervation  fine  but  distinct; 
branches  all  forked,  leaving  midrib  at  an  angle  of  about 
45®,  all  twice  or  three  times  forked. 

This  species  was  first  described  by  Newberry 
from  material  obtained  by  I.  C.  Russell  in 
Vermejo  Canyon,  N.  Mex.  The  exact  position 
of  the  beds  containing  it  is  unknown  according 
to  present  standards,  but  from  the  fact  that 
Newberry  also  mentions  having  the  same  fossil 
from  Walsenburg,  Florence,  and  Golden,  Colo., 
it  seems  probable  that  the  beds  belong  to  the 
Vermejo  formation.  It  was  not  detected  in 
any  of  the  recent  collections  from  the  region. 

Occurrence:  Vermejo  formation  (?)  (CVeta- 
ceous),  Vermejo  Canyon,  N.  Mex.,  collected 
by  I.  C.  Russell;  reported  by  Newberry  from 
Walsenburg,  Florence,  and  Golden,  Colo., 
but  specimens  not  seen  by  me.  Raton  for- 
mation (?). 

Pteris?  sp. 

Plate  XXX,  figure  3. 

In  a  small  collection  from  the  lower  coal 
group  at  Cuatro,  Colo.,  there  are  several  frag- 
ments of  a  fern  that  appears  referable  to  Pteris 
as  it  is  usually  defined  in  the  fossil  state.  The 
fragment  figured  is  the  largest  one  observed, 
but  it  is  quite  impossible  to  form  any  adequate 
idea  of  its  size  and  complete  outhne.  It  was 
about  2  centimeters  wide  and  apparently  had 
an  entire  margin.  The  midvcin  is  relatively 
thick.  The  veins  are  close,  parallel,  at  a  low 
angle,  forking  at  or  very  near  the  midvein  and 


a  few  of  them  beyond  the  middle.  It  has 
some  resemblance  to  Pteris  erosa  Lesquereux 
but  is  smaller,  entire  instead  of  erose-dentate, 
and  with  the  veins  at  a  slightly  sharj^er  angle 
of  divergence. 

Occurrence:  Vermejo  formation  (CVeta- 
ceous),  Cuatro,  Colo. 

Asplenium?  coloradense  Knowlton,  n.  sp. 

Plate  XXX,  figures  1,  2. 

Asptenium  magnum  Knowlton.    Hollick,  Torreya,  vol.  2, 
p.  146.  .pi.  4.  figB.  1,  2,  1902. 

Outline  and  size  of  frond  unknown,  but 
probably  of  large  size  and  apparently  twice 
pinnatifid,  thick  and  coriaceous  in  texture; 
pinnae  approximate  (?),  long,  narrowly  lanceo- 
late in  outline,  broadest  near  or  just  above 
the  base,  thence  tapering  to  a  long  slender 
apex,  cut  nearly  to  the  rachis  into  numerous 
triangular  falcate  sharp-pointed  pinnules,  those 
at  base  on  one  side  being  larger  and  less  scythe 
shaped  than  the  others;  nervation  consisting 
of  a  strong  midvein  passing  to  the  apex  of  the 
pinnules  and  about  eight  or  nine  pairs  of  veins 
which  fork  once  just  above  the  midvein,  and 
terminate  in  the  margin;  fruit  unknown. 

This  species,  which  I  have  ventured  to  de- 
scribe as  new,  is  represented  in  the  recent  col- 
lections by  two  excellent  specimens  figured  and 
by  a  number  of  smaller  fragments.  Though 
none  is  of  sufficient  completeness  to  indicate 
the  full  outline  and  habit  the  position  of  the 
two  pinnae  shown  in  figure  1  leads  one  to  sus- 
pect that  the  frond  was  large  and  probably  at 
least  twice  pinnatifid,  and  that  these  were 
attached  to  a  general  rachis.  The  fact  that 
the  basal  pinnules  on  one  side  are  uniformly 
longer  and  straighter  than  any  of  the  others 
lends  weight  to  this  supposition,  since  it  is 
well  known  that  many  compound  fronds  show 
more  or  less  marked  inequality  in  the  basal 
pinnae  or  pinnules,  the  upper  being  usually  the 
larger. 

The  finely  preserved  specimens  figured  by 
HoUick,  which  I  now  refer  to  the  present  spe- 
cies, were  referred  by  him  to  Asplenium  niag- 
num  Knowlton,  which  comes  from  breccias  of 
Fort  Union  age  in  the  Yellowstone  National 
Park.*  As  Hollick  pointed  out,  his  Colorado 
specimens  have  the  pinnae  more  deeply  dis- 
sected    and     the     pinnules    somewhat     more 

»  Knowlton,  F.  II.,  Fossil  flora  [Yellowstone  Nutional  Park]:  U.  S. 
Geol.  Survey  Mon.  32,  pt.  2,  p.  667,  pi.  79,  flgs.  5-8,  1899. 
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pointed  and  falcate  than  those  of  A.  magnum. 
Asplenium  vmgnum  is  regarded  as  having  a 
simple  frond,  for  in  neither  the  large  number  of 
specimens  studied  nor  in  those  figured  were 
any  found  either  attached  or  in  any  way  indi- 
cating a  compounding.  The  basal  pinnules  are 
of  approximately  the  same  size  and  shape  on 
either  side  of  the  racliis,  and  moreover  in  some 
of  the  specimens,  for  example  that  shown  in 
figure  7,  the  stipe  is  preserved  for  a  length 
of  nearlv  1  centimeter.  The  difference  in  the 
dissection  of  the  pinnae  in  the  two  species  is 
very  marked,  .4.  coloradense  being  cut  nearly 
to  the  racliis  and  A,  magnum  rarely  below  the 
middle  and  usually  much  less.  On  the  whole, 
considering  the  above-mentioned  differences  as 
well  as  the  stratigraphic  discordance  the  two 
forms  seem  sufficiently  distinct. 

The  only  other  American  fossil  species  with 
which  it  is  necessary  to  compare  the  present 
species  is  Aspidium  (now  Drnfopteris)  Jcennerlyi 
Newberry  ^  from  the  Cretaceous  of  Nanaimo, 
Vancouver  Island.  Although  in  general  ap- 
pearance Dryopteris  kennerlyi  is  somewhat 
similar  to  Asplenium?  coloradense^  it  differs  in 
its  larger  size  and  longer,  less  falcate  pinnules, 
which  are  obtuse  instead  of  ovate  at  the  apex 
and  fmely  serrate. 

Occurrence:  Vermejo formation (Cretaoeous). 
The  material  described  and  figured  by  HoUick 
(under  the  name  of  Asplenium  magnum  Knowl- 
ton)  is  said  to  have  come  from  Florence,  Colo., 
figure  1  from  '^reddish  shaly  sandstone"  and 
figure  2  from  ^M)lack  carbonaceous  shale.''  As 
pointed  out  under  the  discussion  of  Anemia 
robusta  this  material  is  without  reasonable 
doubt  from  Rockvale,  Colo.  Recent  material 
collected  by  W.  T.  Lee  is  from  the  dump  of 
the  Coal  Creek  mine  near  Rockvale,  Colo. ;  the 
dump  of  the  Rockvale  mine,  Rockvale,  Colo. 
(5793);  the  roof  of  the  Rockvale  mine,  which 
communicates  with  the  Coal  Creek  mine  (5791 ) ; 
and  the  dump  of  the  Rockland  mine,  3  miles 
southwest  of  Widsenburg,  Colo.,  about  70  feet 
below  the  top  of  the  Vermejo  formation  (5677). 

Asplenium  sp. 
Plate  XXX,  figure  4. 

The  material  from  the  vicinity  of  Rockvale, 
Colo.,  contains  a  single  fragment  of  a  large  fern 
of  the  type  of  Pteris  erosa,  but  it  is  too  imper- 

»  Newberry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  8. 
Geol.  Survey  Hon.  35,  p.  U,  pi.  16,  figs.  4,  5, 18(19. 


feet  to  be  positively  identified.  It  is  about  3 
centimeters  wide  and  shows  the  strong  mid- 
vein  and  the  numerous  strong  nerves,  which 
fork  just  above  the  point  of  origin. 

Occurrence:  Vermejo  formation  (Cretaoeous); 
Coal  Creek  (Rockvale),  Colo.,  collected  by 
George  Hadden  (U.  S.  Nat.  Mus.,  51255). 

Woodwardia  crenata  Knowlton. 

Woodwanlia  crejuifa  Knowlton,  U.  S.  (Jeol.  Survey  Bull. 
ICa.  p.  22,  pi.  3,  (ig.  :i,  IIKX). 

This  species  was  described  originally  from 
the  Montana  group  at  Point  of  Rocks,  Wyo., 
and  was  not  again  obtained  until  1910,  when 
W.  T.  Lee  found  a  single  small  fragment  be- 
tween the  lower  coal  beds  near  La  Veta,  Colo. 
This  later  specimen  is  even  smaller  than  the 
type  and  adds  nothing  to  our  knowledge  of  the 
species.  It  was  found  in  association  with 
Sequoia  oho\nta,  S.  reichenbachiy  and  Ficvs 
wardii. 

Occurrence:  Vermejo  formation  (Cretaceous); 
Oakdale  mine,  locahty  140,-  near  La  Veta, 
Colo.,  between  first  and  second  coal  beds,  col- 
lected by  W.  T.  Lt^e  (5672). 

Stenopteris  (?)  cretacea  Hollick. 

Stenopteris  (?•  cretacea  Hollick,  Torreya,  vol.  2,  p.  148,  pi. 
3,  fig.  2,  1<K)2. 

The  original  description  Ls  as  follows: 

General  form  of  frond  unknown  })ut  apparently  laige 
and  strong;  each  pinna  or  branch  consisting  of  a  broad- 
winged  rachis,  with  relatively  remote,  entire,  strap- 
shaped  pinnules,  each  of  which  is  traversed  by  a  strong 
mid  vein  from  base  to  apex;  secondary  nervation  unknown. 

Occurrence:  Vermejo  formation  (Cretsr 
ceoas);  ^^in  reddish  shaly  sandstone,  Florence, 
Colo.'';  exact  horizon  not  stated,  but  without 
doubt  it  came  from  the  shaly  rocks  above  the 
Rockvale  sandstone  member  of  the  Vermejo  at 
or  near  Rockvale,  Colo. 

FamUy  OSMUNDACEAE. 
Osmunda  hollick i  Knowlton,  n.  sp. 

Plate  XXX,  figure  6. 

Pccopteris  iCheilantheH)  sepulta  Newberry  (?).    Hollick, 
Torreya,  vol.  2,  p.  147,  pi.  3,  figs.  5,  5a,  1902. 

Frond  small,  delicate,  outline  of  whole  frond 
unknown  but  at  least  twice  pinnate  and  prob- 
ably deltoid  in  shape;  main  rachis  slender; 
pinnae  opposite,  apparently  deltoid  or  broadly 
triangular  in  outline;  pinnules  alternate,  lance- 

*  Locality  numbers  refer  to  positions  on  th«  map  (PI.  I). 
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date  in  shape,  entirely  free  at  base,  rather 
sharp  apex,  the  margins  deeply  cut  at  base 
then  undulate  and  finally  nearly  entire,  the 
lobes  in  all  cases  roimded  and  obtuse;  nerva- 
tion strong  and  well  marked,  consisting  of  a 
rather  strong  midvein  and  numerous  lateral 
veins  which  are  usually  twice  forked,  once  near 
the  midvein  and  again  about  half  the  distance 
between  midvein  and  margin. 

In  a  paper  on  a  number  of  fossil  ferns  from 
the  supposed  Laramie  formation  of  Colorado, 
published  in  1902,  HoUick  described  and  fig- 
ured a  small  fern  supposed  to  be  from  Wal- 
senbui^,  Colo.,  which  he  identified  provision- 
ally with  Pecopteris  (CheilantJi^^)  sepulta  New- 
berry. Tliat  species,  which  came  from  the 
Oreen  River  formation  at  Green  River,  Wyo., 
was  described  by  Newberry  *  as  being  pinnate 
and  as  having  its  lower  pinnae  attached  to  the 
rachis  by  the  whole  width  of  the  base.  As  set 
forth  in  the  diagnosis  the  fern  under  discussion 
differs  from  Newberry's  species  in  two  impor- 
tant  characters,  for  it  is  at  least  twice  pinnate 
and  has  the  pinnae  all  free  at  base.  The  speci- 
men figured  by  HoUick  did  not  happen  to  be 
complete  enough  to  show  its  twice  pinnate  char- 
acter, but  the  basal  pinnules  are  free  as  he 
pointed  out.  The  specimen  obtained  by  Lee 
(PL  XXX,  fig.  6)  is  smaller  than  the  one  figured 
by  HoUick  but  otherwise  does  not  appear  to 
differ  from  it  essentially.  It  seems  not  unhkely 
that  the  upper  portion  of  HoUick's  specimen, 
which  was  not  obtained,  was  of  about  the  same 
size  as  the  larger  one  found  by  Lee,  which  is 
clearly  from  the  apical  portion  of  the  frond. 

HoUick's  material  was  associated  with  ma- 
terial coUected  by  Iladden  for  Newberry,  but 
its  locality  label  was  lost  before  it  came  to  be 
studied,  and  from  the  resemblance  of  the  ma- 
trix on  which  it  is  preserved  to  the  *' grayish 
aandstone"  of  the  coUections  from  Walsen- 
burg,  Colo.,  HoUick  referred  it  with  question  to 
this  locality.  It  was  not  found  in  any  of  the 
recent  coUections  from  Walsenburg  but  only  in  a 
grayish  sandstone  from  the  dump  of  the  Coal 
Creek  mine  near  Rockvale,  Colo.  It  is  there- 
fore reasonably  probable  that  the  HoUick  ma- 
terial came  from  Coal  Creek,  where  the  coUector, 
George  Hadden,  was  the  mine  superintendent, 
and  not,  as  surmised,  from  the  vicinity  of 
Walsenburg. 

1  Newbeny,  J.  S.,  op.  cit.,  p.  12,  pi.  62,  figs.  5,  5e,  G,  1896. 


Occurrence:  Vermejo formation  (Cretaceous) ; 
coUected  by  George  Hadden  and  referred 
by  HoUick  to  Walsenburg  (?),  Colo.;  thought 
to  be  probably  from  Coal  Creek,  Colo. ;  present 
material  coUected  in  1910  by  W.  T.  Lee, 
from  the  dump  of  the  Coal  Creek  mine,  near 
Rockvale,  Colo.,  hence  below  the  Rockvale 
sandstone  member  of  the  Vermejo  (5793); 
dump  of  Coal  Creek  mine,  Rockvale,  Colo.,  col- 
lected by  W.  T.  Lee  (5791). 

FamUy  GLEICHEKIACEAS. 

Gleichenia  delicatula  (?)  Heer. 

Gleichenia  delicatula  Heer,  I^lora  fossilis  arctica,  vol.  3, 
Abt.  2,  p.  54,  pi.  9,  fig.  lie;  pi.  10,  figs.  16,  17, 1874. 
Hollick,  Torreya,  vol.  2,  p.  147,  pi.  3,  fig.  4,  1902. 

This  species  was  identified  with  question  by 
Hollick  as  coming  from  the  beds  now  known  to 
be  near  Rockvale,  Colo.  It  is  not  contained 
in  any  of  the  recently  collected  material  from 
this  region. 

As  originally  described  by  Heer  it  came  from 
the  Kom6  beds  (Neocomian)  of  Greenland;  and 
as  Hollick  suggests,  this  impUes  a  very  wide 
vertical  range  for  the  species,  and  he  did  well  to 
question  the  identification.  Though  the  frag- 
ment certainly  does  closely  resemble  the  figures 
given  by  Heer  it  is  without  nervation,  and  bet- 
ter material  might  show  more  or  less  marked 
differences. 

Occurrence:  Vermejo  formation  (Creta- 
ceous); *' reddish  sandstone,  Florence,  Colo.,^'  = 
near  Rockvale,  Colo. ;  the  reddish  sandstone  is 
about  250  feet  above  the  Rockvale  sandstone 
member  of  the  Vermejo. 

Gleichenia  rhombifolia  HoQick. 

Gleichenia  rhombifolia  Hollick,  Torreya,  vol.  2,  p.  147,  pi. 
3,  fig.  3,  1902. 

This  species,  of  which  but  a  single  specimen 
has  been  described,  occurs,  according  to  its 
author,  in  '*  reddish  shaly  sandstone,  Florence, 
Colo.,"  but,  as  indicated  imder  a  number  of 
other  species  of  ferns  from  this  locality,  its  ex- 
act position  is  not  known,  though  not  improl)- 
ably  it  may  have  come  from  the  plant-bearing 
sandstone  of  this  character  near  Rockvale, 
Colo.,  about  3  miles  north  of  Florence.  It  was 
not  found  by  any  of  the  recent  workers  in  this 
field.  The  type  is  preserved  in  the  New.  York 
Botanical  Garden. 

Occurrence:  Vermejo  formation  (Creta- 
ceous); **  in  reddish  shaly  sandstone,  Florence, 


248 


GEOLOGY  AND  PALEONTOLOGY  OF  RATON  MESA  IN  COLO.-N.  MEX. 


Colo.";  exact  horizon  not  stated,  but  with 
little  doubt  is  in  the  sandstones  about  250  feet 
above  the  Rockvale  sandstone  member  of  the 
Vermejo,  Rockvale,  Colo.,  or  vicinity. 

Family  SCHIZ AE ACEAK . 

Anemia  robusta  HoUick. 

Anemia  robusta  Hollick,  Torreya,  voL  2,  p.  145,  pL  3,  fig.  1, 
1902. 

The  original  description  reads  as  follows: 

General  fonn  of  frond,  also  nervation,  unknown;  pin- 
nae (?)  linear  in  outline,  about  3  centimeters  in  width, 
pinnules  entire,  ovate  to  subspatulate,  with  blunt  wedge- 
shaped  tips,  about  2.5  centimeters  in  length  by  12  milli- 
meters in  width,  more  or  less  confluent  or  decurrent  along 
the  rachis,  each  one  provided  with  a  weak  midvein. 

The  type  locality  of  this  species  is  given  as 
Florence,  Colo.,  *4n  grayish  sandstone."  As 
set  forth  under  the  preceding-  species,  the  ma- 
terial of  which  this  forms  a  part  was  collected 
by  George  Hadden,  then  superintendent  of  the 
Coal  Creek  mine  near  Rockvale,  Colo.,  which 
is  at  least  3  miles  from  Florence,  which  latter 
place  was  doubtless  only  the  shipping  point. 
The  precise  horizon  which  suppUed  the  type  of 
Anemia  robusta  is  unknown,  but  fro.n  the  fact, 
ascertained  by  Lee,  that  there  is  a  grayish 
plant-bearing  sandstone  in  the  roof  of  the  Coal 
Creek  mine,  it  seems  reasonably  probable  that 
the  type  may  have  come  from  tliis  place,  where 
it  would  have  been  likely  to  have  attracted 
Hadden's  attention.  Unfortunately  it  is  not 
contained  in  any  of  the  recent  collections  from 
the  region  and  remains  unique. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
*'in  grayish  sandstone,  Florence,  Colo.^'; 
thought  probably  to  be  in  the  grayish  plant- 
bearing  sandstone  in  the  roof  of  the  Coal  Creek 
mine  near  Rockvale,  Colo. 

Anemia  supercretacea  HoUick. 

Plate  XXX,  figure  5. 

Anemia  supercretacea  Hollick,  Torreya,  vol.  2,  p.  145,  pi.  3, 
figs.  6,  7,  1902. 

The  original  description  is  as  follows: 

General  form  of  frond,  also  nervation,  unknown;  pinnae 
delicate,  narrowly  conical  in  outline,  gradually  tapering 
to  the  tips;  pinnules  entire,  lower  ones  spatulate,  distinct, 
somewhat  decurrent  along  and  forming  acute  angles  with 
the  rachis,  upper  ones  often  more  pointed  or  becoming 
confluent  and  forming  toothed  or  crenulated  tips  to  the 
pinnae. 

This  species  was  described  from  material  col- 
lected by  Mr.  Hadden,  sometime  superintend- 


ent of  the  Coal  Creek  mine  near  Rockvale,  Colo., 
and  transmitted  through  R.  C.  Hills,  of  Denver, 
Colo.,  to  the  late  J.  S.  Newberry.  The  locaKty 
is  given  as  Florence,  Colo.,  *4n  reddish  shaly 
sandstone,''  but  the  exact  point  at  which  it  was 
obtained  is  unknown,  though  it  is  probable 
that  Florence  was  merely  the  shipping  point 
and  that  it  came  from  somewhere  near  Rock- 
vale, which  was  the  scene  of  Mr.  Hadden's  activ- 
ities. The  only  clue  to  the  precise  horizon  is 
afforded  by  the  matrix,  and  this  would  appear 
to  place  it  somewhere  within  several  hundred 
feet  of  the  top  of  the  Rockvale  sandstone  mem- 
ber of  the  Vermejo  formation.  Above  this 
sandstone  are  several  hundred  feet  of  hard, 
shaly,  often  reddish  sandstones,  which  together 
form  rugged  cUfFs  just  back  of  the  town  of 
Rockvale.  This  sandstone  is  prolifically  plant 
bearing  at  many  points,  and  so  far  as  may  be 
judged  from  the  description  of  the  matrix  bear- 
ing this  Anemia  it  might  well  have  come  from 
any  one  of  50  localities  within  this  zone.  Ap- 
parently the  exact  point  in  the  beds  whence  it 
came  can  never  be  known,  and  the  only  manner 
in  which  it  can  be  made  of  positive  stratigraphic 
value  is  by  its  identification  in  beds  of  known 
position.  Fortunately  the  collections  made  by 
W.  T.  Lee  contain  unmistakable  examples  of 
this  species  from  the  roof  of  the  Coal  Creek 
mine,  at  a  horizon  about.  160  feet  below  the  top 
of  the  Rockvale  sandstone  and  consequently 
about  200  feet  below  the  beds  indicated  by  the 
matrix  alone.  It  is  not  contained  in  the  large 
collections  (now  in  the  United  States  National 
Museum)  made  from  the  reddish  sandstone  by 
Hadden  nor  in  coUections  made  by  the  writer 
in  this  general  region  in  1909.  The  greatest 
value,  therefore,  attaches  to  the  specimens  col- 
lected by  Mr.  Lee,  which  are  of  known  strati- 
graphic  position. 

The  type  specimens  are  in  the  paleobotanic 
museum  of  the  New  York  Botanical  Garden. 

In  figure  5  is  shown  a  specimen  that  is  re- 
ferred with  some  doubt  to  the  present  species. 
The  best  preserved  of  the  specimens  figured  by 
Hollick  (fig.  6)  has  the  rachis  strong  and  im- 
diminished  in  size,  but  the  specimen  figured 
here  is  undoubtedly  the  apical  portion  and  has 
the  rachis  very  slender  and  deUcate.  The  two 
lower  pinnules  have  strongly  toothed  margins, 
wliich  is  some  indication  that  the  teeth,  or  the 
cutting,  may  lower  down  become  as  prominent 
as  shown  in  HoUick^s  figures.     There  is  nothing 
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in  the  coUections,  however,  that  quite  connects 
the  two,  but  the  presumption  seems  to  favor 
their  belon^ng  to  a  single  species.  The  pres- 
ent specimen  came  from  the  same  locality  as 
the  others  collected  by  W.  T.  Lee. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
"in  reddish  shaly  sandstone,  Florence,  Colo.," 
believed  to  be  from  the  reddish  shaly  sandstone 
about  250  feet  above  the  top  of  the  Rockvale 
sandstone  member  of  the  Vermejo,  near  Rock- 
vale,  Colo. ;  additional  specimens  collected  by 
W.  T.  Lee  from  dump  of  Coal  Creek  mine  (equiv- 
alent to  the  roof  of  the  Rockvale  coal)  near 
Rockvale,  Colo.  (5791),  and  in  north  wall  of 
Rockvale  Canyon  (sec.  25,  T.  19  S.,  R.  70  W.), 
100  feet  below  base  of  the  rim  rock  (5781). 

SPEBMATOPHTTA. 

Order  CONIPESALES. 

PamUy  BBACHTPHTLLACEAE. 

BimcliypliyOiiiti  cf.  B.  macrocarpum  Newberry. 

Plate  XXXI,  figure  4. 

This  is  a  single  specimen  of  Bra^hyphyUum 
from  Hunts  Canyon,  Cimarron,  N.  Mex.  It 
consists  of  a  portion  of  a  tliick  stem  or  branch 
between  3  and  4  centimeters  in  length  and  over 
1  centimeter  in  width ,  with  five  lateral  branches, 
each  bearing  a  number  of  thick  irregular  branch- 
lets  or  ultimate  divisions.  Its  matrix  is  a  hard 
coarse-grained  sandstone,  and  practically  all 
trace  of  the  leaves  or  scales  has  been  obUterated. 
So  far  as  can  be  determined  from  the  size, 
shape,  and  general  appearance  tliis  specimen 
is  indistinguishable  from  what  has  usually  been 
referred  to  BrdchyphyUum  macrocarpum  of 
Newberry  *  from  the  Raritan  formation  of  New 
Jersey.  It  is,  for  instance,  apparently  the  same 
as  what  I  have  described  and  figured  under  this 
name '  from  a  point  near  Harper  station  on 
the  Union  Pacific  Railroad  and  on  the  north 
fork  of  Dutton  Creek,  Laramie  Plains,  Wyo., 
from  beds  referred  to  the  Mesaverde  formation, 
or  in  any  event  to  the  upper  part  of  the  Mon- 
tana group.  Also,  it  is  not  greatly  different 
from  B.  crassicaule  Fontaine,  as  recently  shown 
by  Berry  ^  from  the  Lower  Cretaceous  of  Mary- 
land and  Virginia.   Bra<:Tiy pliyllum  obesum  Heer, 

» Newberry,  J.  S.,  The  flora  of  the  Amlwy  clays:  U.  8.  (icol.  Survey 
Hon.  36,  p.  51  (footnote),  1895. 

•  Knowlton,  F.  IT.,  Flora  of  the  Montana  format  ion:  U.  S.  (rool.  Survey 
Bull.  163,  p.  29,  pi.  4,  figs.  5,  6,  1900. 

>  Berry,  E.  W.,  Systematic  palecntclcgy  of  the  Lower  Crctacetus 
deposits  of  Maryland:  Maryland  Geol.  Survey,  Lower  Cretaceous,  p. 
393,  pi.  64,  figs.  1-6,  1911. 


from  the  Albian  of  Portugal,  belongs  to  th 
same  group. 

The  form  under  discussion  is  apparently  th 
same  as  that  from  the  Ignacio  quadrangle  co! 
lected  by  J.  H.  Gardner,  and  from  near  Dulcc 
N.  Mex.,  obtained  in  1911  by  W.  T.  Lee,  bot 
from  beds  which  are  usually  referred  to  the  Lai 
amie  formation,  but  which  I  regard  as  obviousl 
of  Montana  age.  It  is  not  impossible  tha 
several  species  in  the  Cretaceous  have  bee 
more  or  less  confused,  a  condition  that  can  onl 
be  completely  elucidated  by  a  series  of  wel 
preserved  specimens,  and  this,  it  appears,  i 
very  difficult  to  procure. 

In  one  of  the  small  collections  from  Powe 
Arroyo,  near  Trinidad,  Colo.,  there  is  a  singl 
very  poorly  preserved  specimen  that  quit 
clearly  belongs  to  Bra^ihypltyUum  but  is  to 
obscure  either  to  figure  or  describe  adequatelj 
From  the  fact  that  BraxJiyphyUum  macrocai 
pum  Newberry  has  been  found  in  beds  of  simi 
lar  stratigraphic  position  south  of  Diu'angc 
Colo.,  it  is  to  be  presumed  that  this  is  th 
species  imder  consideration,  but  it  is  too  indis 
tinct  to  venture  a  positive  determination. 

Occurrence:  Vermejo  formation  (Cretaceous) 

Hunts  Canyon,  Cimarron,  N.  Mex.,  coUecte 

by   Orestes   St.   John,    1902;    about    100   fee 

above  the  Trinidad  sandstone,  Powell  Arroyc 

at  locality  107,  4  miles  northwest  of  Trinidac 

Colo.,  collected  by  G.  B.  Richardson's  part; 

(5110). 

Family  PINACEAE. 

Abietites  dabius  Lesquereux. 

Abietites  duhius  Lesquereux,  Am.  Jour.  Sci.,  vol.  4{ 
p.  207  (nomen  nudum),  1868;  U.  S.  Geol.  Surve 
Terr.  Ann.  Rept.,  1869,  reprint,  p.  196,  1873;  iden 
1872,  p.  374,  1873;  U.  S.  Geol.  Survey  Terr.  Rept 
vol.  7  (Tertiary  flora),  p.  81,  pi.  7,  figs.  19-24, 187i 

Remains  of  this  species  were  first  obtaine* 
in  1867  by  Le  Conte  *  in  the  Raton  Pass,  abou 
1^  miles  from  Trinidad.  They  came  from  be 
tween  two  coal  beds  in  a  *' stratum  of  gra; 
clayey  rock  containing  leaves  and  stems  badl; 
preserved,^'  which  seems  to  place  them  rathe 
definitely  in  the  Vermejo  formation. 

Abietites  dubius  was  named  by  Lesquereux 
in  1868,  and  was  first  really  described  in  187 
from  material  obtained  by  Lesquereux  himsel 

« Ix>  Cjnte,  J.  L.,  Not«s  on  the  ge>)logy  of  the  survey  for  the  cxtei 
slonof  the  Union  Pacific  Railway,E.  D.,  fr  jm  Smoky  Hill  River,  Kans 
to  the  Rio  Grande,  Philadelphia,  p.  19, 18C8. 

^  Ilayden,  F.  II.,  Notes  on  tlic  lignite  deposits  of  the  West:  Am.  Jou 
Sci.,  2d  ser.,  vol.  45,  p.  207, 18C8. 
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the  previous  year  at  a  locality  which  he  thought 
was  * '  probably  at  the  same  place  where  Dr.  Le 
Conte  obtained  his  specimens/^  He  does  not 
clearly  mention  just  what  he  foimd  associated 
with  these  specimens,  except  fragmentary 
material  which  he  referred  to  Phra/pnites 
oeningensi^,  but  apparently  they  are  associated 
with  dicotyledons  that  are  known  only  from 
the  upper  beds. 

This  species  was  figured  for  the  first  time  in 
1878,  in  ''The  Tertiary  flora";  these  specimens 
are  preserved  in  the  United  States  National 
Museum  (Nos.  65-68, 77) ,  and  they  undoubtedly 
came  from  the  Raton  Mesa  field,  though  some- 
times erroneously  recorded  ^  as  having  come 
from  "Spring  Canyon,  near  Fort  ElUs,  Mont/' 

On  looking  again  at  the  type  specimens  I 
find  preserved  on  one  of  them  (No.  65)  a  dicoty- 
ledonous leaf  that  apparently  belongs  to  Ficns 
praetrinenn^  (p.  2G3) ,  which  is  another  argument 
for  presuming  that  they  came  from  the  lower 
instead  of  the  upper  beds.  The  only  speci- 
mens, and  these  poorly  preserved,  in  the  recent 
collections,  are  from  Powell  Arroyo,  4  miles 
northwest  of  Trinidad,  in  the  Vermejo  forma- 
tion. These  agree  satisfactorily  with  the  type 
specimens  and  must  be  considered  as  identical. 

Some  years  ago  I  proposed  ^  to  divide  this 
species,  retaining  figures  19,  23,  and  24,  Plate 
VII,  of  '^The  Tertiary  flora,"  under  Abietites 
duhius  and  referring  the  others  (20,  21,  21a) 
to  Sequoia  reichenbacM;  but  since  that  time, 
having  had  a  wide  experience  with  the  latter 
species,  I  am  inclined  to  doubt  the  validity  of 
such  a  transfer.  They  are  all  now  included 
imder  Abietites  dubius.  Sequoia  reichenbacM 
has  the  leaves  short,  at  a  low  angle,  thick  at 
base,  much  arched  upward  and  acute  at  the 
apex,  and  in  Abietites  dubius  the  leaves  are 
much  larger,  at  an  acute  angle,  thin  and 
pointed,  but  not  arched  upward. 

Sequoia  reichenbacM  (Geinitz)  Heer. 

Araucariks  rcichenhachi  Geinitz,  Charakteristik  der  Schich- 
ten  und  Petrefacten  des  siichsisch-bohmischen 
Kreidegebirges,  Heft  3,  p.  98,  pi.  24,  fig.  4,  1842. 

Sequoia  reichenbachi  (Geinitz)  Heer,  Flora  fossilis  arctica, 
vol.  1,  p.  83,  pi.  43,  figs.  Id,  2b,  5a,  1868. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
collected  by  W.  T.  Lee — Radiant,  Colorado? 
(5785) ;  between  first  and  second  coal  beds, 

»  U.  8.  Nat.  Mus.  Bull.  53,  pt.  2,  p.  87, 1907. 
*  U.  S.  0^1.  Survey  Bull.  152,  p.  24, 1808. 


Oakdale  mine  at  locality  140,  northwest  of  La 
Veta,  Colo.  (5672);  Rockland  mine,  about  3 
miles  southwest  of  Walsenburg,  Colo.  (5677); 
roof  of  old  mine  at  locaUty  108,  2  miles  west 
of  Bowen,  Colo.  (5694);  dump  of  Starkville 
mine,  Starkville,  Colo.  (5707);  1  mile  east  of 
Kohler,  N.  Mex.,  at  locality  31  (5811) ;  Canyon 
City  coal  field  (sec.  18,  T.  19  S.,  R.  69  W.)  from 
base  of  *'rim  rock*'  (5779);  Ponil  Canyon, 
N.  Mex.,  1  mile  west  of  loctdity  11,  near  top 
of  Vermejo  formation  (5829). 

Sequoia  obovata  Knowlton,  n.  sp. 

Plate  XXX,  figure  7. 

Sequoia  brevi/olia  ITecr.  Lesquereux,  U.  S.  Geol.  and 
Geog.  Siin^ey  Terr.  Bull.,  vol.  1, 1875,  p.  365,  1876; 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Kept. 
1874,  p.  298,  1876;  idem,  1876,  p.  500,  1878;  U.  S. 
Geol.  Surv-ey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 
p.  78,  pi.  61,  figs.  25-27,  1878. 
Knowlton,  U.  S.  Geol.  Sur\'ey  Bull.  163,  p.  27,  pi.  4, 
figs.  1-4,  1900;  U.  S.  Geol.  Survey  Prof.  Paper  98, 
p.  333,  1916. 

Branchlets  alternate  or  opposite  on  the 
branches,  slender  and  delicate,  producing  a 
flat  *^  spray ^';  leaves  of  two  forms,  those  on 
the  branches  when  young  being  small,  scale 
form,  appressed,  abruptly  pointed,  while  the 
regular  fohage  leaves  are  close,  distichous, 
short,  linear-oblong  or  shghtly  obovate,  usu- 
aUy  enlarged  in  the  middle,  abruptly  narrowed 
to  an  obtusely  pointed  apex,  or  rarely  obtuse, 
narrowed  below,  gradually  decreasing  in  length 
toward  the  top  and  base  of  the  branchlets. 

This  fine  species,  to  which  I  have  ventured 
to  give  a  new  name,  has  long  been  known  in 
this  country  under  the  name  Sequoia  brevijolia 
Ileer.  It  was  described  by  Heer  from  the  so- 
called  Miocene  of  Atanekcrdluk,  North  Green- 
land, and  was  subsequently  detected  by  him 
in  collections  of  the  same  age  from  Spitz- 
bergen  and  the  Baltic.  Ileer  rightly  states 
that  his  S,  brevijolia  appears  to  be  most  closely 
related  to  S.  langsdorfii,  of  wliich  he  was  at 
first  incUned  to  regard  it  as  merely  a  variety 
(and  to  which  Schenk^  would  still  refer  it) ,  but 
he  finally  concluded  that  it  differed  uniformly 
by  its  much  shorter,  more  wedge-shaped  leaves. 

It  must  be  confessed  that  it  is  not  easy  to 
draw  a  satisfactory  line  between  the  Ameri- 
can specimens  and  Heer's.  In  the  absence 
of  actual  specimens  of  S,  brevifolia  for  com- 

*Zittel,  K.  A.  von,  Handbuchder  ralaeontologie,  Abt.  2,  p.  298, 1800. 
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parison  dependence  must  be  placed  entirely 
on  Heer's  figures.  On  carefully  comparing 
these  with  the  American  material  it  appears 
that  the  Greenland  form  has  the  leaves  more 
scattered,  more  obtuse,  and  little  if  any  en- 
larged in  the  middle.  In  view  of  those  facts, 
and  in  view  of  the  marked  difference  in  geo- 
logic position,  it  would  seem  improbable  that 
the  Greeidand  and  American  specimens  are 
identical,  and  the  latter  have  consequently 
been  given  a  new  name. 

Seqnoiu  ohavata  is  very  closely  related,  indeed 
possibly  identical,  wiili  S,  cuneata  Newberry* 
from  the  Upper  Cretaceous  of  Nanaimo,  Van- 
couver Island.  The  latter  is  })ased  on  frag- 
ments of  branchlets  only,  and  hence  the  gen- 
eral disposition  of  the  branclilets  as  well  as  the 
character  of  the  leaves  on  the  branches,  if 
any,  can  not  be  ascertained  and  compared. 
The  shape  of  the  leaves  in  the  two  forms  is 
very  similar,  though  in  S.  cuneata  they  are 
larger  than  in  the  one  under  consideration. 

The  American  species  is  also  similar  to  cer- 
tain of  the  forms  referred  to  the  well-known 
Cretaceous  species  S.  JirifrophyUa ;^  in  fact,  it 
appears  beyond  reasonable  question  that  there 
are  a  number  of  species  of  Sequoia  that  await 
full  collections  for  comparison  before  their 
status  can  be  regarded  as  fixed. 

The  species  now  to  be  known  as  Sfquoia 
ohovata  was  first  detected  by  Lesquereux  in 
the  Montana  group  at  Point  of  Rocks,  Wyo. 
It  was  also  found  at  this  place  by  Ward  in  1882 
and  was  subsequently  obtained  by  the  writer 
in  the  same  region.  The  only  other  place  at 
which  it  had  previously  been  found  was  in  the 
adjacent  Rock  Springs  area,  where  it  occurs  in 
beds  of  the  same  age  as  at  Point  of  Rocks.  Its 
discovery  at  numerous  localities  in  the  Raton 
Mesa  region  is  of  interest  and  tends  to  prove 
the  identity  of  the  age  of  the  Raton  Mesa 
region  and  the  Wyoming  localities. 

Occurrence:  Vermejo formation  (Cretaceous) ; 
collected  by  W.  T.  Lee — between  first  and  sec- 
ond coal  beds  at  Oakdale  mine,  locality  140, 
northwest  of  La  Veta,  Colo.  (5672);  dump  of 
McAinlly  mine,  Walsenburg,  Colo.  (5676); 
dump  of  No.  6  mine,  Forbes,  Colo.  (5691); 
dump    of    Starkville    mine,    StarkviUe,    Colo. 

» Newberry,  J.  8.,  The  later  extinet  flonis  of  North  America:  V.  S. 
Oeol.  Survey  Mon.  3o,  p.  18,  pi.  14,  figs.  3-4u.  Isu8. 

*Velenovsky,  J.,  (i>iniiospermen  der  l»5hmischen  Kreideformution, 
Id.  13,  fig.  2,  1885. 
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(5707);  dump  of  Morley  mine,  Morley,  C 
(5709);  Custro,  in  Tercio  Park,  C\)lo.  (58 
Vermejo  Park,  N.  Mex.,  locality  123  (58 
Dawson,  N.  Mex.,  locaUty  24,  36  feet  ab 
Trinidad  sandstone  (5153);  Ponil  Canyon, 
Mex.,  1  mile  west  of  locaUty  11,  near  toj 
Vermejo  formation  (5829) .  Collected  by  Gee 
Iladden:  Coal  Creek  (Rockvale),  Colo.  (511 
51234,  61261). 

Geinitzia  formosa  Heer. 

Plate  XXXI,  fiinires  1-3. 

Geinitzia  formosa  lleer,  Nouo  Donkschr.   allp.  scIit 
Gesell.,   Band  24  (Bcitrage  zur   Kreidcflora 
Quedlinburg),  p.  6,  pi.  I,  fig.  0;  pi.  2.  1871. 
Nowbern-,  Flora  of  the  Amboy  clays:  V.  S.  Geol. 

vey  Mon.  26.  p.  51,  pi.  9.  fig.  9,  1895  [1896]. 
Knowlton,  U.  S.  Geol.  Siiney  Bull.  163,  p.  28,  j 
figs.  1,  2.  1900;  r.  S.  (leol.  Sun-ey  Prof.  Papc 
p.  333,  pi.  85,  fig.  3,  1916. 

Although  this  species  has  been  found 
many  widespread  localities  in  the  Monti 
group,  it  has  been  detected  only  near  Wals 
burg,  Colo.,  within  the  area  under  considc 
tion  in  this  report.  Fortunately  the  mate 
at  this  locality  was  ample,  and,  as  may  be  s 
from  the  three  ligures  given,  is  exceptiom 
well  preserved. 

Many  isolated  or  individual  branclilets 
this  species  are  distinguished  with  diffici 
from  those  of  Sequma  reichenhacM  (Gein 
Heer,  and  quit«  probably  some  specimens  o 
have  been  erroneously  recorded  by  that  na] 
In  general,  S.  reichenbacJii  may  be  distinguis] 
by  its  more  slender  branchlets  with  leaves  t 
are  decurrent,  rigid,  strongly  incurved,  j 
acuminate  at  apex,  whereas  Geinitzia  form 
has  tnicker  branchlets,  with  decurrent,  arch 
not  very  rigid  leaves,  and  with  smaller  in! 
mediate  scalelike  leaves.  Wlien  the  leaves 
0.  formosa  have  fallen  the  scars  or  bolsters 
almost  regularly  quadrangular.  The  cones 
the  two  species  of  course  differ  markedly  t 
are  easily  separated  when  sufficiently  well  p 
served  to  be  made  out  with  reasonable  c 
tainty. 

Occurrence:  Vermejo  formation  (CYetaceoi 
3  miles  south  of  Walsenburg,  Colo.,  130  f 
above  the  base  of  the  Vermejo  and  50  f 
below  the  basal  conglomerate  of  the  Rai 
formation,  collected  by  J.  II.  Gardner  (for 
B.  Richardson)  (5131).  Montana  group  (C 
taceous) ;  Harper  station  on  Union  Pacific  R; 
road,  Laramie  Plains,  Wyo. 
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Widdringtonia?  complanata  Lesquereux. 

Plate  XXXII,  figures  4,  5. 

Widdringtoniaf  complanata  Lesquereux,  U.  S.  Geol.  and 
Geog.  Survey  Terr.  BulL,  1875,  voL  1 ,  p.  336,  1876; 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann.  Rept., 
1874,  p.  299,  1876;  idem,  1876,  p.  499,  1878;  U.  S. 
Geol.  Sur\^ey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 
p.  72,  pi.  62,  figs.  13,  14,  1878. 
Knowlton,  Flora  of  the  Montana  formation:  U.  S. 
Geol.  Survey  Bull.  163,  p.  30, 1900.    . 

The  status  of  this  species,  including  a  discus- 
sion as  to  its  probable  or  possible  affinities  up 
to  the  present  time,  has  been  fully  set  forth  by 
me.  The  present  specimens,  two  fragments 
collected  3  miles  south  of  Walsenburg,  Colo., 
are  beheved  to  be  the  second  occurrence  of  the 
species  that  has  been  recognized.  They  are 
not  very  well  preserved,  and  the  individual 
leaves  are  made  out  w^ith  difficulty,  though  in 
strong  light  they  are  plainly  visible.  Obvi- 
ously they  add  nothing  to  existing  knowledge 
as  to  their  systematic  position. 

Occurrence:  Vermejo formation  (Cretaceous) ; 
3  miles  south  of  Walsenburg,  Colo.,  130  feet 
above  the  base  of  the  Vermejo  and  50  feet 
below  the  basal  conglomerate  of  the  Raton 
formation,  collected  by  J.  H.  Gardner  (for  G. 
B.  Richardson)  (5131),  found  with  Geinitzia 
formosa  and  Ficus  praetrinervis. 

Taxodium?  sp. 

Plate  XXXII,  figures  1,  2. 

In  one  of  the  collections  from  Vermejo  Park, 
N.  Mex.,  there  arc  several  fragments  of  a  conifer 
that  appears  to  belong  to  the  genus  Taxodium . 
This  material  is  so  poorly  preserved  that  under 
ordinary  circumstances  it  w^ould  hardly  merit 
mention  much  less  figuring,  but  conifers  are  so 
very  rare  in  these  beds  that  the  present  speci- 
mens are  presented  to  call  attention  to  their 
existence.  The  branchlets  evidently  formed  a 
flat  spray  with  the  numerous  linear,  acute,  one- 
nerved,  aj)parently  short  petioled  leaves  dis- 
posed alternately  along  the  slender  branchlets. 
The  details  of  the  insertion  of  the  leaves  and 
their  configuration  at  base  are  obscure.  It  is 
hoped  that  this  may  be  sufficient  to  attract  the 
attention  of  subsequent  workers  in  this  field. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
locality  124,  Spring  Canyon,  Vermejo  Park, 
N.  Mex.,  collected  by  W.  f.  Lee  (5240). 


Cupressinoxylon  coloradense  Knowlton,  n.  sp. 

Plate  XXXIII, figures  1-4;  Plate  XXXIV,  figure  1;  Plate 

XXXV,  figures  1-6. 

Transverse  section :  Growth  rings  of  different 
widths  but  on  the  whole  rather  narrow,  about 
sixteen  being  in  a  radial  extent  of  25  miUimeters. 
Tracheids  in  regular,  radial  rows,  usually  very 
even  in  size,  twenty  to  thirty  in  each  row,  mainly 
rectangular  in  shape.  The  thickened  wood  of 
the  ring  involves  usually  three  or  four  cells, 
never — or  very  rarely — more  than  six.  Resin 
passages  absent;  resin  cells  fairly  abundant, 
scattered  irregularly  throughout  the  summer 
wood,  usually  smaller  than  the  cells  of  the 
smnmer wood.  Radial  section :  Ray  cells  of  one 
kind  only,  short,  covering  one  to  tliree  tracheids, 
straight;  upper  and  lower  waUs  thin,  appar- 
ently not  pitted;  terminal  walls  thin,  usually 
obUque,  not  pitted;  lateral  walls  obscure  but 
apparently  with  occasional  large  oval  pits, 
about  two  per  tracheid.  Bordered  pits  usually 
in  a  single  row,  occasionally  in  two  rows,  the 
central  pore  large.  Resin  cells  fairly  numer- 
ous, short,  thick  walled,  central  mass  black  car- 
bonaceous. Tangential  section:  Rays  numer- 
ous, in  a  smgle  series  of  one  to  as  many  as 
twenty,  average  perhaps  six  to  ten.  Resin  cells 
as  in  the  radial  section. 

The  fossil  wood  here  described  is  based  on 
sections  cut  from  small  pieces  broken  from  large 
trunks  or  fragments  of  trunks  that  are  abundant 
in  certain  localities.  In  some  places  of  similar 
age  but  outside  the  present  area  these  aggrega- 
tions of  trunks  may  reach  the  dignity  of  so- 
called  fossil  forests.  As  these  woods  when  made 
available  by  study  may  prove  valuable  as  close 
stratigraphic  marks,  the  several  species,  where 
sufficiently  well  preserved  for  adequate  inves- 
tigation, are  presented  with  the  other  plant 
remains.  Through  lack  of  time  the  specimens 
have  not  been  studied  exhaustively  from  the 
])iologic  standpoint  but  are  figured  and  so  far 
described  as  to  make  the  wood  available  for 
stratigraphic  purposes. 

The  present  species,  which  is  based  on  ma- 
terial from  the  Canon  City  and  Trinidad  fields, 
belongs  clearly  to  the  genus  Cupressinoxylon. 
It  is,  for  instance,  quite  similar  to  Cupres- 
sinoxylon elongatum  Knowlton  *  from  the  Fort 

1 U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  7,  pi.  3,  figs.  1-4, 1888. 
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UDion  fonnation  of  Montana,  which,  however, 
has  a  greater  number  of  cells  involved  in  the 
fall  wood  and  in  almost  all  specimens  has  two 
rows  of  bordered  pits  on  the  rachial  waUs  of  the 
summer  tracheids. 

Occurrence:  Vermejo  formation  (Cretaceous) 
(PL  XXXIII,  figs.  1-3;  PI.  XXXV,  figs.  1-3, 
5) ;  south  of  Trinidad,  Colo.  (sec.  25,  T.  38  S., 
R.  64  W.),  collected  by  W.  T.  Lee  (5706); 
(PI.  XXXIII,  fig.  4;  PI.  XXXIV,  fig.  1;  PI. 
XXXV,  fig.  4),  Newland  Creek,  Canon  Qty 
field,  Colo.  (sec.  19,  T.  20  S.,  R.  69  W.),  col- 
lected  by  W.  T.  Lee  (5784). 

Cnpressinoxylon?  vermejoense  Knowlton,  n.  sp. 
Plate  XXXIV,  figures  2.  3;  Plato  XXXV,  figure  7. 

Transverse  section:  Growth  ring  absent,  at 
least  none  appears  in  a  radial  extent  of  over 
25  millimeters.  Tracheids  small,  tliin  walled, 
approximately  square,  and  of  nearly  the  same 
size  throughout.  Resin  passages  and  resin 
ceUs  apparently  both  absent.  Radial  section: 
The  elements  as  seen  in  this  view  are  exceed- 
ingly obscure,  owing  to  distortion  during  or 
after  fossiUzation.  The  ray  cells  are  ap- 
parently thin  walled  and  very  long,  but  the 
markings,  if  ever  present,  are  not  to  be  ascer- 
tained. The  bordered  pits  on  the  walls  of 
the  summer  tracheids  can  not  be  made  out. 
Tangential  section:  Rays  numerous,  in  a 
single  series  of  one  to  seven,  usually  three 
or  two. 

This  material  is  so  poorly  preserved  that 
many  of  the  essential  characters  can  not  be 
made  out,  and  figuring  woidd  not  have  been 
attempted  did  not  the  characters  that  can  be 
observed  differ  so  markedly  from  those  of 
Oupressinoxylon  coloradense.  The  annual  ring 
appears  to  be  entirely  absent,  and  the  medul- 
lary rays  are  never  more  than  seven  and  are 
usually  only  three  or  four  cells  high.  It  is 
probable  that  from  these  characters  alone  it 
<K)uld  be  distinguished  in  future.  In  the 
absence  of  exact  information  regarding  certain 
essential  particulars  it  is  impossible  to  enter 
into  a  comparison  with  other  named  species. 
It  is  quite  probable  that  it  may  be  found  not 
to  belong  to  Oujyressinoxylon, 

Occurrence:  Vermejo  formation  (Octaceous) 
(PI.  XXXIV,  figs.  2,  3;  PI.  XXXV,  fig.  7); 
Canon  City  field,  Colo.  (sec.  30,  T.  19  S.,  R. 
«9  W.),  collected  by  W.  T.  Lee  (5790). 


ANOIOSPEBMAB. 

MONOCOTYLEDOKAB. 

Older  PAMDAKALES. 

EamUy  TTPHACEAE. 

Sparganium?  sp. 
Plate  XXXII,  figures. 

In  the  small  collection  from  the  Occident 
mine,  near  La  Veta,  Colo.,  is  the  little  specim* 
here  figured.  It  is  a  small  capituliun  about 
or  8  millimeters  in  diameter,  borne  by  a  slend 
peduncle  or  stalk  15  millimeters  in  length, 
is  not  sufficiently  well  preserved  to  pern 
making  but  its  full  structure,  but  so  far  as  ci 
be  noted  it  appears  to  be  referable  to  the  gen 
Sparganium.  It  also  somewhat  resembl 
Liquidambar,  but  on  the  whole  seems  be 
referred  as  above.  There  are  no  foliar  orga 
in  the  collection  with  it  that  could  be  referr< 
to  either  genus. 

Occiurence:  Vermejo  formation  (Oetaceous 
roof  of  upper  coal  bed.  Occidental  mine,  loct 
ity  141,  near  La  Veta,  Colo.,  collected  by  W. ' 
Lee  (5673). 

FamUy  PALMACEAE. 
Sabal  monCana  Knowlton,  n.  sp. 

Plato  XXXII,  figure  3. 

SabaliUs  grayanus  (Lesciuereux)  Lesquereux,  V.  S.  Ge 
Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  p.  i: 
pi.  12,  fig.  1  (not  pi.  12,  fig.  2),  1878. 

Sabal  morUana  Knowlton,  U.  S.  Geol.  Survey  Pp 
Paper  98,  p.  335,  pi.  85,  fig.  2.  1916. 

Leaves  of  very  large  size,  perhaps  the  large 
in  the  area,  palmate,  \\ath  approximately  nine 
rays  or  foltls;  petiole  imarmed,  apparent 
roimded  on  both  surfaces,  5  or  6  centimete 
broad,  prolonged  at  apex  into  a  relative 
short  triangular  point  not  more  than  10 
15  centimeters  long,  in  many  specimens  on 
8  centimeters. 

This  species  is  still  very  imperfectly  know 
i  but  its  immense  petiole  (fully  6  centimete 
I  broad)  and  the  great  breadths  of  its  folds 
centimeters  or  more)  mark  it  as  probably  tl 
largest  land  species  known  from  the  region 
indeed  from  anywhere  in  the  Rocky  Moimta 
area. 

This  species  is  based  jointly  on  specime 
from  the  Colorado  area  obtained  by  Lee  ai 
figured  on  Plate  XXXII,  figure  3,  and  the  lar 
specimen  from  the  Montana  group  at  Point 
Rocks,  Wyo.,  described  by  Ix^squereux  *  und 

1 U.  S  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  Ooni),  p.  112,  pi. 
fig.  1, 1^8. 
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the  name  of  Sahalites  grayanus  (No.  108,  U.  S. 
Nat.  Mus.  coll.).  As  shown  in  the  discussion 
under  Sabalf  ungeri  (p.  289)  it  seems  impossible 
that  this  Point  of  Rocks  specimen  should  be 
the  same  as  the  original  form  which  was 
described^  from  the  *'Eo-lignitic"  of  Missis- 
sippi. The  former  is  not  only  three  times  the 
size  of  the  type  but  differs  markedly  in  the 
shape  and  character  of  the  apex  of  the  petiole. 
In  1896  I  obtained  from  Point  of  Rocks  a  fine 
specimen,  which  is  hardly  to  be  distinguished 
from  that  from  the  same  locaUty  figured  by 
Lesquereux.  It  is  even  larger  than  Lesque- 
reux^s  specimen  but  hardly  adds  to  our  knowl- 
edge, as  it  simply  exhibits  a  little  more  of  the 
blade  of  the  leaf. 

Occurrence:  Vermejo  formation  (Cretaceous; 
collected  by  W.  T.  Lee;  Canon  City  field, 
dump  of  coal  mine  near  Rockvale,  Colo., 
type  (5791) ;  1  mile  south  of  Rockvale,  Colo. 
(5789) ;  sec.  18,  T.  19  S.,  R.  69  W.,  Canon  City 
field,  Colo.  (5778) ;  sec.  18,  T.  19  S.,  R.  69  W., 
Canon  City  field,  Colo.  (5780) ;  1  mile  south  of 
Rockvale,  Colo.  (5788);  top  of  cliff  west  of 
Florence,  Colo.?  (5812);  dump  of  Starkville 
mine,  Colo.,  at  base  of  Vermejo  formation 
(5707) ;  diunp  of  Coal  Creek  mine,  Rockvale, 
Colo.  (5791) ;  Forbes,  Colo.,  roof  of  second  bed 
of  coal  in  south  wall  of  North  Fork  of  Purga- 
toire  River,  locahty  136,  Colorado  (5800) ;  Ver- 
mejo Park,  N.  Mex.,  locality  123  (5810).  ^Vlso 
foimd  in  the  Montana  group  at  Point  of  Rocks, 
Wyo. 

Sabal?  ungeri  (Lesquereux)  Knowlton,  n.  comb. 

This  species  is  mainly  found  in  the  Raton 
formation,  the  present  specimens  being  the 
only  ones  that  have  with  certainty  been  foimd 
in  the  Vermejo  formation.  For  synon^^my  and 
full  discussion  see  page  289. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Ponil  Can^^on,  N.  Mex.,  1  mile  west  of  local- 
ity 11,  near  top  of  Vermejo  formation,  collected 
by  W.  T.  Lee  (5829).  Raton  formation  (Ter- 
tiary).    (See  p.  290.) 

Order  SCITAMINALES. 

Family  CANNACEAE. 

Canna?  magnifolia  Knowlton,  n.  sp« 

Plate  XXXVI,  figure  3. 

Leaf  of  large  size  and  firm  texture,  appar- 
ently broadly  lanceolate  with  an  acute  apex; 

» Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  412,  pi.  14,  flgs.  4-6, 1869. 


margin  entire;  midrib  very  strong,  about  I 
centimeter  thick,  not  greatly  reduced  at  apex; 
nerves  arising  from  the  midrib  at  a  very  acute 
angle,  close,  parallel,  unforked,  ending  in  the 
margin;  cross  veinlets  numerous,  close,  par- 
allel, and  at  right  angles  to  the  veins. 

This  splendid  leaf,  which  unfortunately  is 
represented  by  fragments  only,  was  of  great 
size,  being  probably  not  much  if  any  under 
50  centimeters  in  length  and  16  to  20  centi- 
meters in  width.  The  configuration  of  its  base 
and  of  its  extreme  tip  are  both  somewhat  con- 
jectural, though  in  the  specimen  figured  the 
upper  portion  is  narrowing  as  if  to  produce  an 
acute  termination,  and  in  a  fragment  from 
Rockvale,  Colo.,  the  base  appears  to  be  wedge- 
shaped.  The  midrib  was  very  strong,  being 
in  some  of  the  fragments  fully  1  centimeter  in 
tliickness.  The  numerous  close,  parallel,  im- 
forked  veins  rise  from  the  midrib  at  an  angle 
of  about  70®  and  nm  straight  up  to  the  margin* 
These  veins  are  nearly  equal  in  size,  though 
here  and  there  one  is  sUghtly  stronger  than  the 
others;  there  seems  to  be  no  regularity  as  to 
the  number  of  the  intermediate  veins.  The 
close,  parallel  cross  veins  are  nearly  as  strong  as 
the  main  veins  and  produce  a  checkered  appear- 
ance, even  to  the  naked  eye,  though  the  figure 
does  not  adequately  bring  out  this  feature. 

The  only  described  species  with  which  this 
may  be  compared  is  MusopTiyUum  complica- 
turn  Lesquereux,*  from  Green  River  station, 
Wyo.,  but  that  it  is  even  congeneric  with  it  is 
doubtful.  The  two  forms  differ  markedly. 
In  Lesquereux 's  species  the  veins,  which  are 
nearly  at  right  angles  with  the  midrib,  are 
thinner,  at  least  where  they  reach  the  margin, 
and  are  more  or  less  forking,  especially  near 
the  margin,  but  the  cross  veins,  which  are  so 
conspicuous  in  Canna f  magnifolia,  are  entirely 
absent  in  MusopliyUuin  complicatum. 

There  is  a  single  specimen,  even  more  frag- 
mentary^ than  the  type  material,  from  the 
Rockvale  mine  at  Rockvale,  Colo.,  that  agrees 
in  every  particular  with  the  Walsenburg  mate- 
rial. It  is  evidently trom  the  part  near  the  base 
of  the  leaf  and  shows  a  portion  of  the  margin 
that  indicates  that  the  base  would  be  wedge- 
shaped. 

Occurrence:  Vermejo  formation  (Cretaceous); 
collected  by  W.  T.  Lee — tjrpe,  dump  of  Rock- 

*  Lesquereux,  Leo.  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr.  Kept.,, 
vol.  7,  p.  90,  pi.  15,  flgs.  1-6, 1878. 
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land  mine,  locality  120,  from  about  170  feet 
below  the  top  of  the  Vermejo  formation,  3 
miles  southwest  of  Walsenburg,  Colo.  (5677) ; 
roof  material  of  Rockvale  mine,  Rockvale, 
Colo.,  in  the  Canon  City  field  (5793). 

Caniia?  sp. 

A  single  fragment  in  the  material  from  the 
poof  of  the  coal  mine  at  Rockvale,  Colo.,  may 
be  referred  provisionally  to  the  genus  Canna, 
though  it  is  very  imlike  CanTuif  magnifolia.  The 
fragment,  probably  from  near  the  middle  of 
the  leaf,  is  about  12  centimeters  in  length 
and  about  9  centimeters  in  width.  It  has  the 
same  thick  midrib  and  apparently  entire  mar- 
gin of  the  other  but  differs  from  it  in  having  the 
veins  arise  at  a  sUghtly  lower  angle  and  with- 
out cross  veinlets.  Its  nervation  is  very 
obscure,  however,  and  it  may  be  that  it  is 
identical  with  C,  ma{fnifolia;  but  in  the  absence 
of  proof  it  seems  best  to  retain  them  apart,  at 
least  for  the  present.  It  is  too  poor  to  be  sat- 
isfactorily figured. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
dump  of  Coal  CJreek  mine,  Rockvale,  Colo.,  col- 
lected by  W.  T.  Lee  (5791). 

Subclass  DICOTTLBDONAS. 

Order  JTTGLANDALES. 

FamUy  JUGLANDACEAE. 

Jutflans  coloradensis  Lesquereux  (MS.),  n.  sp. 

Plate  XXXVI,  figure  1. 

Leaflet  large,  coriaceous  in  texture,  lance- 
olate, gradually  narrowed  from  the  middle  to 
the  slightly  unequal-sided  base,  alternate  but 
not  decurring  in  joining  the  pctiolide;  midrib 
very  strong,  straight;  secondaries  strong, 
numerous — about  9  pairs — irregular,  mainly 
alternate,  at  an  acute  angle  of  divergence,  fol- 
lowing the  borders  in  marginal  loops  or  anas- 
tomosing with  the  one  next  above;  nervilles 
very  distinct,  transverse,  cut  in  the  middle 
or  continuous;  areolae  square  or  polygonal. 
Type,  United  States  National  Museimi  (No. 
34469). 

This  species  was  indicated  by  Lesquereux  as 
new  in  the  manuscript  Ust  accompanying  the 
collection  of  plants  from  Coal  Creek  (near  Rock- 


vale), Colo.,  made  by  Gex)rge  Hadden  for  R. 
Lacoe,  now  the  property  of  the  United  Sta 
National  Museiun.  The  description  with  sh{ 
modification  is  Lesquereux's,  as  is  also  the  na 
given  it.  The  type  specimen,  which  lacks  1 
upper  portion,  is  about  9  centimeters  in  lon{ 
when  perfect  and  3.5  centimeters  in  width  n< 
the  middle.  It  has  a  rather  abruptly  narrow 
base  and  apparently  a  rather  obtuse  apex, 
was  also  somewhat  imequal-sided.  The  ncr 
tion  is  very  strongly  and  deeply  impress 
consisting  as  stated  of  the  thick  midrib  a 
about  nine  pairs  of  mainly  alternate  seconc 
ries.    The  nervilles  are  especially  strong. 

This  species  is  compared  by  Lesquere 
with  Juglans  ventricosa  Brongniart,  as  figui 
by  Ludwig,"  and  it  also  suggests  certain  of  1 
leaves  referred  to  Juglans  rugosa  Lesquereua 
especially  by  its  strongly  impressed  nervati 

Occurrence:  Vermejo  formation  (Cretaceou 
Coal    Creek    (Rockvale),  Colo.,    collected 
George  Hadden. 

Juglans  similis  Knowlton,  n.  sp. 
Plate  XXXVI,  figure  2. 

Leaflet  membranaceous  in  texture,  ova 
lanceolate  in  outline,  abruptly  wedge-shaped 
base,  prolonged  above  into  an  acmninate  apt 
margin  entire;  midrib  thin,  straight;  secon( 
ries  ten  or  twelve  pairs,  thin,  alternate,  sligh 
curved  upward,  camptodrome,  and  curvi 
just  within  the  border  to  join  the  one  m 
above;  finer  nervation  obsolete. 

This  fine  Uttle  species  is  well  represented 
the  example  figured.  This  is  narrowly  ova 
lanceolate  in  shape,  being  about  7.5  cer 
meters  in  length  and  3.25  centimeters  in  wic 
in  the  middle.  The  nervation  is  weU  shown 
the  figure. 

This  species  is  of  the  type  of  certain  of  1 
leaflets  often  referred  to  Juglans  rugosa  L 
quereux,  but  differs  from  it  in  having  a  m< 
narrowly  lanceolate  shape,  larger  acumini 
apex,  and  thinner  nervation  at  a  slightly  m( 
I  acute  angle  of  divergence. 

Occurrence:  Vermejo  formation  (Cretaceou 
Coal    Creek    (Rockvale),    Colo.,   collected 
Geoi^e  Hadden  (U.  S.  Nat.  Mus.,  51332). 

1  Palaeontographica,  vol.  4,  p.  139,  pi.  57,  figs.  3,  3a,  5;  pi.  58,  18G] 
«  Lesquereux,  Leo,  op.  clt.',  p.  280,  pi.  55,  flg.  5,  etc.,  1878. 
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Order  MTBICALES. 

FamUy  MYBICACEAB. 

Myrica  torreyi  Lesqnerenx. 

Plate  XXXVII,  figures  2-4. 

Myrica  torreyi  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Ann. 
Rept.,  1872,  p.  392,  1873;  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Rept.,  1873,  p.  399,  1874;  idem, 
1876,  p.  503,  1878;  U.  S.  Geol.  Surv-ey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  129,  pi.  46,  figs.  3-10, 1878. 
Knowlton,  Flora  of  the  Montana  formation:  U.  S. 
Geol.  Survey  Bull.  163,  p.  34,  pi.  6,  figs.  1-3,  1900; 
U.  S.  Geol.  Survey  Prof.  Paper  98,  p.  336,  pi.  86, 
fig.  1,  1916. 

The  type  locality  of  this  species  is  given  as 
Black  Buttes,  Wyo.,  though  it  was  not  observed 
in  an  exhaustive  collection  made  at  this 
locaUty  in  1909  by  A.  C.  Peale  and  the  writer. 
All  but  two  of  the  type  specimens  are  pre- 
served in  the  United  States  National  Museum 
(Nos.  138-142).  This  species  was  well  de- 
scribed and  figured  by  Lesquereux,  and  none 
of  the  material  since  obtained  adds  materially 
to  knowledge  of  it. 

Since  the  original  finding  at  Black  Buttes 
this  species  has  been  reported  at  several  addi- 
tional localities,  all  in  lower  beds.  Thus  Ward 
found  it  ^  at  Point  of  Rocks,  Wyo.,  in  strata 
now  known  to  be  of  Montana  age.  These  spec- 
imens were  illustrated  in  my  *'  Flora  of  the  Mon- 
tana formation,''  and  though  the  leaves  shown  in 
figures  1  and  2  of  that  report  probably  belong  to 
the  species,  that  shown  in  figure  3  is  somewhat 
doubtful ;  its  margin  is  similar  to  that  of  certain 
of  the  type  specimens,  but  it  appears  to  lack 
the  intramarginal  vein;  it  is  not  well  preserved 
and  had  perhaps  best  be  separated.  What  was 
apparently  this  species  was  f  oimd  by  Knowlton, 
Stanton,  and  Knight  in  the  Montana  group  at 
Dunn's  ranch,  30  miles  north  of  Laramie,  Wyo., 
and  at  Harper  station,  on  the  Union  Pacific 
Railroad  about  6  miles  west  of  Laramie.  It  has 
also  been  detected  in  beds  of  Laramie  age  at 
Crow  Creek,  Colo.  It  has  also  been  noted  near 
Newcastle,  Meeker,  and  Rio  Blanco  and  in  the 
Grand  Mesa  region,  Colo.,  at  Book  Cliffs,  Utah, 
in  the  San  Juan  basm,  N.  Mex.,  and  elsewhere, 
all  in  late  Cretaceous  beds.  Thus,  though  it 
appears  to  have  been  described  from  post- 
Laramie  beds,  all,  or  nearly  all,  its  subsequent 
occurrences  seem  to  have  been  in  older  beds. 

In  the  collections  from  the  Rockland  mine, 
near  Walsenburg,  Colo.,  there  is  a  single  ex- 

1  Knowlton,  F.  H.,  Flora  of  the  Montana  formation:  U.  S.  Oeol.  Sur- 
vey Bull.  163,  p.  34,  pi.  6,  figs.  1-3,  1900. 


ample,  the  one  here  figured  (PL  XXXVil, 
fig.  4)  that  appears  referable  to  this  species.  In 
size,  shape,  and  marginal  dentation  it  agrees 
perfectly  with  some  of  the  smaller  leaves  of 
M.  torreyi,  but  there  is  almost  no  nervation  pre- 
served except  the  midrib.  Such  of  the  finer 
nervation  as  can  be  f  auitly  discerned  appears  to 
be  that  of  this  species,  but  the  intramarginal 
vein  is  obscure. 

In  the  material  from  the  reddish  sandstone 
below  the  rim  rock  at  Rockvale,  Colo.,  are  a 
nmnber  of  fragmentary  leaves  that  imdoubtedly 
belong  to  this  species,  though  they  are  smaller 
than  is  usual.  Three  examples  from  the  south 
wall  of  the  gap  at  Tercio,  Colo.,  also  agree  in 
size,  shape,  and  marginal  teeth,  and,  so  far  as 
can  be  made  out,  in  the  nervation. 

Occurrence:  Vermejo formation  (Cretaceous) ; 
collected  by  F.  H.  Knowlton — first  hill  south  of 
Rockvale,  Colo.,  opposite  ball  grounds,  1909 
(5477);  collected  by  W.  T.  Lee— Alkali  Gap, 
Colo.,  Canon  City  field  (5775) ;  dmnp  of  Coal 
Creek  mine,  Rockvale,  Colo.  (5791);  Occiden- 
tal mine,  locaUty  141,  northwest  of  La  Veta, 
Colo.  (5673);  Bowen  mine,  locality  109,  near 
Trinidad,  Colo.  (5692) ;  dump  of  McAnily 
mine,  Walsenburg,  Colo.  (5676);  Rockland 
mine,  locality  120,  southwest  of  Walsenburg, 
(3olo.  (5677);  dump  of  mine  6,  Forbes,  Colo., 
near  top  of  Vermejo  formation  (5691);  Canon 
City  field,  Colo.,  north  wall  of  canyon  near 
Rockvale  (sec.  25,  T.  19  S.,  R.  70  W.)  (5783). 

Myrica  coriacea  Knowlton,  n.  sp. 

Plate  XXXVII,  figure  5. 

Leaf  very  coriaceous  in  texture,  narrowly 
ovate-lanceolate  in  shape,  broadest  about  one- 
fourth  the  length  from  the  base,  whence  it  is 
rather  abruptly  narrowed  to  the  base,  appar- 
ently to  a  rather  acute  apex;  margin  entire; 
midrib  very  thick,  especially  below;  second- 
aries very  obscure  but  apparently  numerous, 
fine,  irregular,  and  terminating  in  a  well- 
marked  intramarginal  vein. 

The  leaf  figured,  which  is  the  best  observed, 
was  about  10  centimeters  in  length  and  3.25 
centimeters  in  width.  It  is  lanceolate,  or  very 
narrowly  ovate-lanceolate,  with  rounded 
wedge-shaped  base  and  apparently  a  rather 
long  acuminate  apex.  The  nervation,  with  the 
exception  of  the  midrib,  is  very  obscure,  but 
apparently  it  consists  of  numerous,  thin,  irregu- 
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lar  veins  which  terminate  in  a  pronounced 
intraiQarginal  vein. 

This  species  is  most  closely  related  to  Myrica 
torreyi  Lesquereux,  from  which  it  differs  in 
being  relatively  broader  and  in  having  the 
margin  entire  instead  of  markedly  serrate.  So 
far  as  can  be  made  out  the  nervation  is  iden- 
tical. It  may  be  that  the  specimen  is  merely 
an  entire-mai^ned  leaf  of  Myrica  torreyi,  but  in 
the  absence  of  intermediate  forms  it  is  best  to 
regard  it  as  belonging  to  a  distinct  species. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
CoalCreek  (Rockvalo),Colo.,  collected  by  George 
Haddcn  (U.  S.  Nat.  Mus.,  51372).  . 

Order  SALICALES. 

Family  SAUCACEAE. 

Salix  gardneri  Knowlton,  n.  sp. 

Plato  XXXVII,  figure  1. 

Leaves  linear-lanceolate,  broadest  about  the 
middle,  thence  tapering  gradually  to  the  long 
wedge-shaped  lower  portion  and  in  about  equal 
degree  to  the  acuminate  apex;  margin  per- 
fectly entire;  midrib  fairly  strong;  secondaries 
numerous,  about  twelve  pairs,  alternate,  at  an 
angle  of  about  45°,  very  much  curved  upward, 
each  joining  the  one  next  above,  the  lower 
ones  by  a  series  of  several  loops,  the  upper  ones 
making  themselves  a  series  of  conspicuous 
loops;  nerviUes  prominent,  approximately  at 
right  angles  to  the  midrib. 

This  handsome  little  species  is  represented 
by  the  nearly  perfect  example  figured  as  weU 
as  several  more  or  less  fragmentary  specimens. 
The  figured  specimen  is  7  centimeters  long  and 
1  centimeter  wide;  the  others  are  slightly 
smaller. 

This  species  is  undoubtedly  most  closely 
related  to  Salix  plicata,  with  which  it  agrees 
closely  in  size  and  shape  but  from  which  it 
differs  in  the  disposition  of  the  less  numerous 
secondaries;  the  finer  nervation  is  also  a  more 
conspicuous  feature  in  the  present  species.  It 
is  named  in  honor  of  the  collector,  Mr.  J.  H. 
Gardner,  formerly  a  member  of  the  United 
States  Geological  Survey  and  later  connected 
with  the  Kentucky  Geological  Survey. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Trinidad  coal  field,  Colo.,  near  base  of  Vermejo 
formation,  at  Simpson^s  mine,  3  miles  south 
of  Walsenburg  (SE.  J  SE.  J  sec.  21,  T.  28  S., 
R.  66  W.),  3  feet  above  coal  and  10  feet 
47019'*— 17 17 


above   the  Trinidad  sandstone,   collected  1 
G.  B.  Richardson's  party  (5130). 

Salix  plicata  Knowlton,  n.  sp. 

Plate  XXXVII,  figures  6-8. 

Leaves  evidently  thick  and  coriaceous 
texture,  narrow,  linear  or  linear-lanceolai 
long  and  narrowly  wedge-shaped  at  base,  nt 
rowed  to  the  apex  (destroyed);  mar^n  enti 
throughout;  petiole  evidently  short;  midi 
very  thick,  deeply  impressed;  secondaries  ve 
numerous,  at  a  low  angle,  abruptly  curv 
upward  well  inside  the  border  and  joining  t 
one  m  xt  above,  thus  forming  a  serias  of  inti 
marginal  loops  far  inside  the  margin;  intern 
diate  secondaries  occasional;  finer  nervati- 
deeply  impressed,  forming  irregularly  qua 
rangular  areas. 

This  little  species  is  represented  by  a  lar 
number  of  specimens  which  are  very  perfect 
far  as  they  go,  though  curiously  enough  the 
is  none  with  the  tip  preserved,  and  very  fc 
that  retain  the  base.  They  are  narrow,  Hnei 
and  entire,  with  a  very  short  petiole.  T 
length  varies  from  5  to  about  10  centime t( 
and  the  width  from  about  6  to  a  maximum 
18  millimeters,  average  10  or  12  millimeters. 

In  range  of  size,  shape,  and  general  appei 
ance  this  species  is  perhaps  closest  to  Sa 
angusta  Alexander  Braun,  as  figured  by  Ilee 
from  the  Swiss  Miocene,  but  it  differs  abs 
lutely  in  nervation  and  can  hardly  be  in  ai 
way  related.  The  coriaceous  character  of  t 
leaves  and  the  strongly  impressed  nervati 
produce  a  very  well  marked  species,  which 
easily  recognized  even  in  fragmentary  materi 

This  species  was  indicated  as  new  1 
Lesquereux  in  a  manuscript  report  on  a  coUe 
tion  from  '^Coal  Creek,  Colo.,''  made  by  Geor 
Hadden  for  R.  D.  Lacoe,  and  by  him  donat 
to  the  National  Museum. .  It  is  all  in  t 
reddish  shaly  sandstone  so  characteristic  of  t 
bluffs  (so-called  rim  rock)  about  Rockva 
Colo.  There  are  about  a  dozen  examples 
the  Hadden  collection,  and  it  was  also  obtain 
by  Lee  in  1910  and  by  me  in  1909. 

Occurrence:  Vermejo  formation  (Cretaceous 
''Coal  Creek,  Colo.,^'  collected  by  George  Ha 
den,  without  doubt  from  the  rim  rock  ne 
Rockvale;  first  hill  south  of  Rock  vale  and  o 
posite  baU  grounds,  about  150  feet  above  t 

>  Ileer,  Oswald,  Flora  tertioria  Ilelvetiao.  vol.  2,  p.  30,  pi.  09,  flgs.  1- 
18.'>8. 
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of  Rockvale  sandstone  member  of  the  Vermejo, 

collected  by  F.  H.  Knowlton,  1909  (5477);  1 

mile  south  of  Rockvale,  Colo.,   collected  by 

W.  T.   Lee,   1910   (5788);  Rockvale  Canyon, 

about  100  feet  below  lower  cliff  of  rim  rock, 

collected  by   W.   T.   Lee    (5781);   in  roof  of 

Cameron    mine,    3    miles    south    of  WaJsen- 

burg,   Colo.    (5044),   collected   by   George   B. 

Richardson. 

Salix  sp.  a. 

Plate  XXXVIII,  figure  1. 

Salix  ep.  a  Knowlton,  U.  S.  Geol.  Survey  Prof.  Paper  98, 
p.  337,  pi.  86,  fig.  9,  1916. 

In  one  of  the  collections  from  Vermejo  Park, 
N.  Mex.,  there  are  several  small  leaves  that  ap- 
pear referable  to  Salix,  but  beyond  the  fairly 
clear  outline  of  the  leaf  there  is  little  that  can  be 
made  out  with  absolute  certainty.  They  are 
lanceolate  in  shape,  slightly  curved,  and  un- 
equal sided,  and  measure  about  8  centimeters 
in  length  and  2  centimeters  in  width;  their 
margin  is  perfectly  entire.  The  nervation 
consists  of  a  rather  slender  midrib  and  numer- 
ous  pairs  of  slender  secondaries,  which  arise  at 
an  acute  angle  and  apparently  curve  upward 
for  a  considerable  distance. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
locality  125,  west  of  Vermejo  Park,  N.  Mex.,  near 
the  middle  of  the  Vermejo  formation,  collected 
by  W.  T.  Lee  (5809). 

Salix  sp.  b. 

Plate  XXXYIII,  figure  2. 

In  one  of  the  small  collections  from  Ponil 
Canyon,  N.  Mex.,  there  is  found  the  single  leaf 
here  figured.  It  is  narrowly  lanceolate,  broad- 
est just  above  the  base,  and  apparently  slen- 
derly acuminate  at  apex.  The  length  is  about 
11  centimeters  and  the  width  1.8  centimeters; 
the  margin  is  perfectly  entire.  The  nervation 
is  not  weU  preserved,  consisting  of  a  relatively 
strong  midrib  and  numerous  pairs  of  thin,  ap- 
parently camptodronK*  secondaries. 

It  is  usually  so  diffirult  to  satisfactorily  iden- 
tify small,  narrow  leaves  of  this  type  that 
beyond  placing  it  under  Salix,  where  it  appears 
to  belong,  it  has  not  been  thought  worth  while 
to  give  it  a  specific  name.  It  is  very  similar 
to  a  number  of  described  species,  such,  for 
example,  as  Salix  media  Heer,^  from  the  Swiss 

>  Heer,  Oswald,  op.  cit.,  pi.  68,  figs.  14-19,  IfiHt}. 


Miocene,  but  it  would  require  more  and  better 
material  before  it  could  be  described  and  char- 
acterized properly. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Ponil  Canyon,  N.  Mex.,  1  mile  west  of  locahty 
11,  at  top  of  Vermejo  formation,  collected  by 
W.  T.  Lee  (5829) . 

Salix  sp.  c. 

The  collections  from  the  Canon  City  field 
contain  a  number  of  long,  narrow  leaves  that 
ai'e  probably  correctly  referred  to  the  genus 
Salix.  The  leaf  is  linear-lanceolate,  12  centi- 
meters in  length  and  about  2.5  centuneters  in 
width  at  the  widest  point,  whence  it  tapers 
upward  to  the  slender  apex  and  more  gradually 
downward  to  the  base.  The  nervation  is 
obscurely  preserved,  consisting  of  a  rather 
thick  midrib  and  numerous  secondaries,  but 
the  details  are  somewhat  obscured. 

This  leaf,  in  size  and  shape,  approaches 
closely  what  was  called' — probably  errone- 
ously— Salix  angusta  Alexander  Braun,  from 
Coalville,  Utah,  and  Point  of  Rocks,  Wyo., 
though  the  secondary  nervation  appears  to 
differ  somewhat.  This  species  is  principally 
Tertiary  in  distribution,  and  its  identification 
in  the  several  lower  horizons  whence  it  has 
been  reported  is  probably  due  to  error.  On 
accoimt  of  the  greater  or  less  uncertainty  which 
attaches  to  the  identification  of  willow  leaves 
of  this  general  type  I  have  preferred  not  to 
attach  a  specific  name  to  it,  rather  than  risk  the 
possibiUty  of  misidentification  ^^'ith  an  existing 
species. 

Occiurence:  Vermejo  formation  (Cretaceous) ; 
Rockvale,  Colo.,  Ncwlx^rry  collection,  probably 
made  by  George  Iladdcn. 

Populus?  neomexicana  Knowlton,  n.  sp. 

Plate  LI  1 1,  figures. 

Leaf  apparently  rather  membranaceous  in 
texture,  broadly  ovate  in  shape,  about  7  centi- 
meters in  length  and  6  centimeters  in  width, 
broadly  truncate  to  the  sUghtly  decurrent  base, 
rather  obtusely  acuminate  at  apex;  margin 
entire  at  base,  apparently  crenate  above;  nerva-  . 
tion  three  ribbed  from  the  base  of  the  blade, 
midrib  strong,  straight,  with  a  single  pair  of 
subopposite  secondaries  in  the  upper  portion; 

<  Knowlton,  F.  H.,  Flora  of  the  Montana  formation:  U.S.  Oeol.  Sur- 
vey Bull.  Ifi3.  p.  38,  pi.  7,  flg.  «,  1900. 
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lateral  ribs  as  strong  as  midrib,  at  an  angle  of 
about  45°,  much  eiured  upward,  each  with 
several  pairs  of  secondary  branches  on  the  out- 
side; finer  nervation  not  retained. 

This  leaf  is  not  well  preserved,  in  fact,  the 
base  and  a  small  portion  of  one  side  is  all  that 
is  retained  of  the  true  margin.  It  appears, 
however,  to  have  been  broadly  ovate  with  a 
rounded  truncate  base,  which  is  slightly  decur- 
rent  along  the  petiole.  It  is  remarkable  for 
having  only  one  pair  of  secondaries  on  the  ex- 
treme upper  portion  of  the  midrib. 

The  reference  of  this  leaf  to  Populus  is  un- 
certain, but  in  general  it  seems  not  greatly 
unlike  leaves  of  many  later  formations  that 
have  been  so  identified.  It  may  belong  to 
Ficus,  but  its  poor  preservation  precludes 
certainty. 

Occiurence :  Trinidad  sandstone  (Cretaceous) ; 

1  mile  south  of  Raton,  X.  Mex.,  collect<>d  by 
W.T.Lee  (5145). 

Order  FAGALES. 

Family  FAGACEAS. 

Quercus  gardneri  Knowlton,  n.  sp. 

Plate  XXXVIir,  figure  3. 

Leaf  coriaceous  in  texture,  elUptical  in  gen- 
eral outUne,  obtuse  and  rounded  at  apex,  ! 
abruptly  rounded  and  slightly  decurront  into  ' 
the  short,  and  rather  stout  petiole  at  base;  i 
margin  deeply  sinuate  lobed,  both  lobes  and  ■ 
sinuses  being  obtuse  and  rounded;  midrib  \ 
rather  thick;  secondaries  in  three  pairs,  thin,  j 
subopposite,  ending  in  the  obtuse  lobes;  ner- 
viUes  irregular,  mainly  broken. 

This  very  handsome  little  species  is  for- 
tunately preserved  almost  entire.  It  is  4  cen- 
timeters long,  exclusive  of  the  petiole,  which 
is  nearly  1  centimeter  in  length,  and  23  milli- 
meters broad  between  the  points  of  the  lobes. 

This  species  does  not  appear  to  be  especially 
closely  related  to  any  fossil  form  thus  far  de- 
scribed from  this  country,  but  among  hving 
species  it  seems  perhaps  closest  to  Quercus 
undvlata  Torrey.  This  species  is  usually  a 
shrub,  occasionally  becoming  a  small  tree,  and 
ranges  from  the  eastern  foothills  of  the  Rocky 
Moimtains  in  Colorado  to  western  Texas  and 
thence  to  southern  Utah  and  south  into  Mexico. 

Occurrence:  Vermejo formation  (Cretaceous) ; 

2  miles  south  of  Walsenburg,  Colo.,  130  feet 
above  the  base  of  the  Vermejo  formation  and  50 
feet  below  the  basal  conglomerate  of  the  Raton 


formation,   collected  by  J.   II.   Gardner   ( 
G.  B.  Richardson)  (5131). 

Qaercos  rockyalensis  Knowlton,  n.  sp. 

Plate  XXXVTIl,  figure  4. 

Leaf  small,  eUiptical  in  general  outli 
obtusely  wedge-shaped  at  base,  pinnately  i 
lobed,  the  lobes  obtuse  and  rounded  and  se 
rated  by  shallow,  rounded  sinuses;  the  1 
minal  lobe  largest  and  the  basal  pair  sUgh 
smaller  than  the  upper  pair;  midrib  rat 
strong;  secondaries  three  pairs,  opposite,  t 
minating  in  the  lobes;  finer  nervation  not 
tained. 

The  only  example  observed  is  the  one  h 
figured.  It  is  4.5  centimeters  long  and  abou 
centimeters  between  the  tips  of  the  larger  lob 

Occurrence:  Vermejo  formation  (Cretaceoi: 
Rockvale,  Colo.,  Newberry  collection. 

DryophyUnm  bmneri  Ward. 

Plate  LIII,  figure  5. 

Dryophyllum  brururi  Ward,  U.  S.  Geol.  Survey  Sixth  A 
Kept.,  p.  551,  pi.  37,  figa.  6-9,  1886;  U.  S.  G 
Survey  Bull.  37,  p.  27,  pi.  10,  fij?8.  5-8,  1887. 

In  a  small  collection  from  the  Trinidad  sai 
stone  of  the  Canon  City  field  there  is  found  1 
single  loaf  here  figured,  which  appears  to 
identical  >\dth  Ward's  Dri/ophyUum  brum 
This  species  came  from  Point  of  Rocks  a 
Ho<lges  Pass,  Wyo.,  and  especially  resemb 
figure  8  (above  quoted) .  In  shape  it  is  perhc 
rather  closer  to  D.falcatu7n  Ward,*  from  Hod{ 
Pass,  but  this  has  the  margin  imdulate  rati 
than  toothed,  and  all  things  considered  it 
thought  to  be  nearer  to  D.  bruneri. 

Occurrence:  Trinidad  sandstone (Cretaceou 
Canon  City  field,  Colo.  (sec.  1,  T.  19  S.,  R. 
W.),  collected  by  W.  T.  Lee,  No.  694  (577' 

Order  USTICALES. 

Tamily  MO&ACEAE. 

Ffcos  dalmatica  Ettingshauseiu 

Ficua  dalTnatica  Ettingshausen.  Lesquereux,  U.  S.  Gi 
and  Geog.  Survey  Terr.  Ann.  llept.,  1874,  p.  3 
1875;  U.  S.  Geol.  Survey  Terr.  Rcpt.,  vol.  7  (T 
tiary  flora),  p.  199,  pi.  63,  figs.  3-5,  1878. 
Knowltou,  U.  S.  Geol.  Survey  Bull.  163,  p.  51,  pi. 
fig.  4,  1900. 

Occurrence:  Vermejo  formation  (Cretaceou: 
Coal   Creek    (Rockvale),    Colo.,    collected 
George  Hadden  (U.  S.  Nat.  Mus.,  51167). 

»  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  I^Aramie  frwp:  U.  S.  (i 
Survey  Sixth  .\nn.  Kept.,  p.  STA,  pi.  37,  flg.  10.  iSNiJ. 
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Ficiis  eucal3rptifolia  Knowlton,  n.  sp. 

Plate  XLIV,  figures  1,  2. 

Ficus  eiLcalyptifolia  Knowlton,  U.  S.  Geol.  Survey  Prof. 
Paper  98,  p.  340,  pi.  87,  figs.  1,  2,  1916. 

Leaf  coriaceous,  lanceolate,  gradually  nar- 
rowed from  near  the  middle  to  the  wedge- 
shaped  base  and  upward  to  the  narrow  aciuni- 
nate  apex;  margin  entire;  midrib  very  thick, 
straight;  secondaries  numerous,  about  fifteen 
pairs,  thin,  alternate,  parallel,  reaching  close 
to  the  margin;  finer  nervation  obsolete. 

This  species  is  represented  by  several  fairly 
well  preserved  thick  coriaceous  leaves,  nar- 
rowly lanceolate  in  shape  and  slightly  xmequal- 
sided,  about  14  centimeters  long  and  3  centi- 
meters wide.  Their  most  marked  feature  is 
the  very  thick  midrib  (and  petiole)  and  the 
rather  close,  numerous,  parallel  secondaries. 

Long  narrow  leaves  of  this  general  type  are 
very  difficult  to  identify  satisfactorily,  as  there 
are  so  many  forms  to  which  they  could  seem- 
ingly belong.  They  are,  for  instance,  very 
much  like  what  has  been  described  as  Apocyno- 
phyUum  wUcoxensis  (p.  345),  at  least  so  far  as 
regards  size,  shape,  and  thick  midrib;  but  they 
differ  in  the  secondary  nervation  and  in  the 
absence  of  the  intramarginal  vein.  In  size, 
shape,  and  thick  midrib  the  present  form  is 
hardly  to  bo  separated  from  a  number  of  spe- 
cies of  Ficus — such,  for  example,  as  F.  proieoi^ 
des  Lesquereux  and  F.  herthoudi  Lesqucreux, 
especially  the  latter,  from  the  Dakota  sand- 
stone of  Kansas' — but  it  shows  slight  differences 
in  the  secondary  nervation.  It  is  also  very 
similar  in  size  and  shape  to  Lauras  Icnowltoni 
Lesquereux^  but  differs  shghtly  from  this  also 
in  the  secondary  nervation.  It  also  approaches 
very  closely  to  some  of  the  leaves  referred  by 
Lesquereux  ^  to  Ficus  lanceolata  Iloor,  about 
the  only  difference  being  in  its  thicker  midrib — 
the  finer  nervation  not  being  comparal)le.  This 
comparison  could  be  extcMided  further,  but  it  is 
hardly  worth  while,  and  it  seems  best  to  give 
the  Colorado  leaves  a  new  name,  which  they 
may  retain  until  it  can  positively  bo  shown 
that  they  belong  elsewhere. 

Occurrence:  Vermejo formation  (Cretaceous); 
Rockvale,  Colo.,  Newberry  collection,  prof>al)ly 
made  by  George  Iladden. 

'  Lesquereux,  Ijgo,  The  flora  of  the  Dakota  group:  U.  S.  Geol.  Survey 
Mon.  17,  pi.  12,  flgs.  2,  3, 1890. 

'  Idem,  pi.  50,  fig-  4. 

*  Lesquereux,  Leo.  The  Tertiary  flora:  U.  S.  Qeol.  Sur\'ey  Terr.  Rept., 
vol.  7,  p.  192,  pi.  28,  flgs.  1-3, 1878. 


Picas  haddeni  Knowltaii,-  n.  sp. 

Plate  XXXVIII,  figures  6,  7. 

Leaves  firm  in  texture,  ovate,  narrowed  be- 
low to  a  decurrent  base,  rather  obtase  at  apex; 
margin  entire;  nervation  triple  nerved  from 
the  decmrent  basal  portion;  midrib  strong, 
straight,  with  five  or  six  pairs  of  mainly  alter- 
nate secondaries  which  are  camptodrome  and 
arch  by  a  series  of  loops  well  inside  the  mar- 
gin; lateral  ribs  arising  with  the  midrib,  thin- 
ner than  the  midrib,  passing  up  about  parallel 
with  the  lowest  pair  of  secondaries  for  nearly 
one-half  the  length  of  the  blade,  camptodrome, 
each  with  three  or  four  secondarv  branches  on 
the  outside ;  nervilles  thin,  obscure. 

This  species  is  represented  by  five  or  six 
fairly  well  preserved  leaves,  the  larger  of  which 
is  about  6  centimeters  long  and  3.5  centimeters 
wide  and  the  smallest  only  about  3  centimeters 
long  and  a  little  less  than  2  centimeters  wide; 
average,  about  5  by  2.5  centimeters. 

This  species  is  of  the  type  of  Ficus  prdetri- 
nervis,  with  which  it  agrees  closely  in  shape  and 
triple-nerved  appearance.  It  diflFers  from  this, 
however,  in  having  lateral  ribs  lighter  than  the 
midrib  and  in  these  not  passing  up  parallel 
with  the  midrib  to  the  upper  part  of  the  blade; 
the  secondaries  in  the  midrib  are  also  different. 
Ficus  haddeni  also  differs  of  course  similarly 
from  the  allied  F.  trinervis.  Remotely  it  re- 
sembles F.  planicostata  Lesquereux,  but  from 
this  it  is  known  at  once  by  the  decurrent  base. 

These  specimens  all  passed  through  Lesque- 
reux's  hands  and  were  by  him  identified  as  a 
form  of  Populus  mutabilis  Ileer,  which  they 
somewhat  resemble  in  the  shape  and  appear- 
ance and  nervation  of  the  upper  portion,  but 
from  which  they  differ  essentially  in  the  out- 
line and  nervation  of  the  basal  portion. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Coal  Creek  (Rockvale),  Colo.,  collected  by 
George  Hadden,  for  whom  it  is  named;  roof  of 
Cameron  mine,  3  miles  south  of  Walsenburg, 
Colo.,  collected  by  G.  B.  Richardson's  party 
(5044). 

Ficus  minima  Knowlton,  n.  sp. 

Plate  XXXVI,  figure  4;  Plate  XXXVIII,  figure  5. 

Leaf  small,  thick,  lanceolate,  apparently 
rather  abruptly  rounded  to  both  base  and  apex; 
margin  perfectly  entire;  midrib  exceedingly 
thick;  secondaries  strong,  nimierous,  probably 
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twenty  pairs,  close,  parallel,  emerging  at  a 
right  angle,  then  considerably  curved  upward, 
each  joining  the  one  next  above  just  inside  the 
mai^in,  thus  producing  a  continuous  loop; 
intermediate  secondaries  occasional;  nervilles 
very  strong,  mibrokon. 

The  little  leaf  figured,  which  unfortimately 
lacks  both  base  and  apex,  was  apparently  about 
5  centimeters  long  and  1.75  centimeters  wide. 
It  is  remarkable  for  the  extremely  thick  midrib 
and  numerous  strong  secondaries  which  arise 
at  a  right  angle  and,  curving  slightly  upward, 
form  a  continuous  loop  just  inside  the  margin. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
dump  of  McAnily  mine,  Walsenburg,  Colo.,  col- 
ected  by  W.  T.  Lee  (5676). 

Fleas  newbenyana  KnowUon,  n.  sp. 

Plate  XXXVIII,  figure  8. 

Leaf  thick  in  texture,  broadly  ovate,  ab- 
ruptly roimded  to  the  truncate  base  (apex 
destroyed) ;  margin  entire ;  three  nerved  from 
the  base  of  the  blade;  midrib  thin,  straight; 
secondaries  only  two  or  three  pairs,  alternate, 
lowest  pair  high  above  the  base,  at  an  angle  of 
about  45®,  apparently  running  to  the  margin; 
lateral  ribs  of  the  same  size  as  the  midrib, 
running  straight  to  the  margin,  each  with  four 
or  five  tertiary  branches  on  the  outside,  nearly 
at  right  angles  to  the  midrib,  apparently  end- 
ing in  the  margin;  nervilles  few,  strong,  per- 
current. 

The  figured  example,  the  most  perfect  ob- 
served, is  far  from  complete,  lacking  all  of  the 
apical  portion  and  most  of  one  side.  The  total 
length  is  uncertain  but  probably  exceeds  10 
centimeters;  the  width  is  about  9  centimeters. 

This  species  is  of  the  type  of  Ficus  planicos- 
fata  Lesquereux;  in  fact,  it  is  distmguished  with 
difficulty  from  what  Lesquereux  *  has  called 
F,  planicostaia  goldiana  from  the  Denver  forma- 
tion of  the  Denver  Basin,  Colo.  In  general, 
however,  the  present  species  seems  to  have 
been  a  thicker  loaf  than  the  Denver  species, 
with  the  secondaries  strikingly  alternate  in- 
stead of  opposite  or  subopposite,  and  fewer 
tertiary  branches  for  the  lateral  ribs;  the  ner- 
villes are  more  nearly  at  right  angles  te  the 
secondaries  than  to  the  midrib. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Rockvale,  Colo.,  Canon  City  field,  Newberry 
collection,  probably  made  by  George  Hadden. 

t  Lesquereux,  I>eo,  op.  dt.,  p.  202  pi.  33,  figs.  1-3, 1R7S. 


FIciis  leei  Knowlton,  n.  sp. 

Plate  XXXIX,  figures  1-6;  Plate  XL,  figure 

Ficu8  led  Knowlton,  U.  S.  Geol.  Survey  Prof.  ] 
p.  338,  pi.  90,  fig.  2, 1916. 

Leaves  very  thick  and  fleshy  in  texti 
nervation  strongly  impressed;  shape 
eUiptical,  ovate-elliptical  or  sometimes 
orbicular,  the  base  from  rounded  and  t 
to  deeply  cordate-auricidat-o,  the  apex  a 
rounded  and  obtuse  or  sometimes 
pointed;  margin  entire  or  occasional] 
slightly  midulate ;  petiole  short,  thick ;  ne 
strong,  the  midrib  straight  or  at  most 
flexuose,  with  from  three  to  six  pairs  of 
secondaries,  the  lowest  pair  arising  at  t 
of  the  blade,  of  the  same  size  as  the 
and  together  producing  a  throe-ribbed 
the  lowest  pair  of  secondaries  (or  ribs)  wi 
three  to  as  many  as  ten  tertiary  branchei 
outside,  the  lowest  of  these  in  the  larger  L 
nearly  at  right  angles  to  the  midrib- 
number  of  quaternary  branches  on  th 
side,  which  supply  the  extreme  basal 
of  the  blade ;  the  secondaries  on  the  mi< 
usually  remote,  alternate,  or  subopposi 
sometimes  with  a  few  branches  on  the  ( 
all  nervation  camptodrome  and  arcliii 
inside  the  margin;  nervilles  numerous, 
mainly  unbroken;  finer  nervation  pr< 
an  abundance  of  irregularly  quadr 
areolae. 

This  fine  species  is  represented  in  col 
from  immerous  localities  and  by  a  great  i 
of  specimens,  of  which  enough  have  been 
to  show  the  range  in  size,  configuratior 
base,  andconsequentdifferencesin  thenei 
The  largest  specimens  are  12  to  16  cent 
long  and  8  to  12  centimeters  wide;  the  s 
1  leaf  observed  (shown  in  fig.  4)  is  less  thai 
timeters  long  and  is  1.25  centimeter 
Another  small  leaf  (fig.  3)  is  4  centimeti 
and  2.75  centimeters  wide;  and  many  ai 
centimeters  long  and  6  to  7  centimetei 
In  the  smaller  leaves  (see  fig.  3)  the 
rounded  or  at  most  truncate;  as  the 
creases  (figs.  2,  5),  it  becomes  slightly 
shaped  and  finally  more  marked  (fig.  < 
ultimately  it  is  deeply  heart-shaped, 
brings  it  to  an  auriculato  form  (figs.  1 
PI.  XL). 

In  all  those  loaves  the  nervation  is  ess 
the  same.     Thus,  regardless  of  size,  all  ar 
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ribbed  from  the  very  base  of  the  blade,  and  all 
show  the  same  camptodrome  secondaries  or  their 
branches,  with  the  same  strong,  mainly  unbro- 
ken nervilles.  ^Vs  the  leaves  become  more 
deeply  heart-shaped  at  base  the  secondary  and 
tertiary  nerves  which  supply  the  basal  portion 
of  the  blade  become  more  and  more  branched. 

It  is  with  a  good  deal  of  hesitation  that  this 
species  is  described  as  new.  If  it  were  not  for 
the  fact  that  an  almost  unbroken  gradation  can 
be  shown  from  the  small  truncate  leaves  on  one 
hand  to  the  large  cordate-auriculate  leaves  on 
the  other  it  might  not  be  dohig  great  violence 
to  say  that  the  series  representing  this  species 
begins  with  Ficiis  spccwsiss'iTna  Ward,  and 
ends  with  Fiats  planicostata  Lesquereux;  in 
fact,  if  these  extremes  had  not  all  been  found 
in  a  single  locality  and  collection,  it  is  quite 
possible  that  they  would  have  been  so  identi- 
fied. So  far  as  can  be  made  out  at  present, 
about  the  only  (Hfference  between  the  largest 
of  the  leaves,  here  called  F.  led,  and  F,  specio- 
sissima  is  in  their  size,  for  even  the  largest  of 
F.  leei  are  considerably  smaller  than  F,  specio- 
eissima,  and  the  average-sized  leaves  of  F.  leei 
are  only  about  half  as  large.  The  task  of 
separating  the  smaller  truncate  leaves  of  F. 
leei  from  F.  planicostata  is  even  more  difficult. 
The  leaves  of  F.  leei  appear  to  be  thicker  and 
to  have  a  stronger  nervation  and  are  perhaps 
slightly  more  pointed  at  the  apex,  but  at  best 
these  differences  are  not  great.  It  is  difficult 
to  escape  the  conviction  that  aU  these  leaves 
belong  to  a  single  species,  and  that  for  tlie 
present  it  is  best  considered  as  new,  for  if  an 
attempt  was  made  to  divide  them  into  two 
forms  it  would  be  practically  impossible  to  draw 
any  satisfactory  line  between  them. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
collected  by  W.  T.  Lee — (fig.  4),  Rockland 
mine,  locality  120,  3  miles  southwest  of  Wal- 
senburg,  Colo.  (5677);  (fig.  6),  dimip  of  Coal 
Creek  mhie,  Canon  City  field,  near  Ro(».kvale, 
Colo.  (5791);  dump  of  Morley  mine,  Morley, 
Trinidad  coal  field,  Colo.,  base  of  Vermejo 
formation  (5709);  in  Canon  City  field  near 
Rockvale,  Colo.  (sec.  25,  T.  19  s!^,  R.  70  W.) 
(5783);  south  wall  of  North  Fork  of  Purgatoire 
Canyon,  locality  136,  a])0ve  second  coal  bed 
from  base  of  Vermejo  formation  (5800); 
Cimarron  Canyon,  N.  Mex.,  locality  9,  near 
top  of  Vermejo  formation  (5828) ;  Ponil  Canyon, 


1  mile  west  of  locality  11,  near  top  of  Vermejo 
formation  (5829). 

Ficus  speciosissima  Ward. 

Ficua  apeciosissinia  Ward,  U.  S.  Geol.  Sur\'ey  Sixth  Ann. 
Kept.,  p.  552,  pi.  45,  fig.  1,  1886;  U.  S.  Geol.  Sur- 
vey Bull.  37,  p.  39,  pi.  21,  fig.  3,  1887. 

This  species,  which  has  been  so  well  de- 
scribed and  figured  by  Ward,  was  described 
from  Point  of  Rocks,  Wyo.,  in  beds  then 
thought  to  be  of  Laramie  age  but  which  are 
now  known  to  belong  to  the  Montana  group 
(Mesaverde  formation).  Since  its  original  dis- 
cover}^ it  has  been  found  at  a  number  of  wide- 
spread locahties  in  Montana,  Wyoming,  and 
Colorado,  and  always  within  the  Montana. 
It  has  been  identified  at  several  localities  within 
the  area  covered  ])y  the  present  report.  At 
first  it  was  confused  with  certain  of  the  larger 
examples  that  are  now  referred  to  FiciLs  leei, 
from  which,  as  already  pointed  out,  it  is 
hardly  to  be  distinguished  except  by  size. 
In  one  of  the  collections — that  from  Cokedale 
near  Trinidad — there  is  a  large  array  of  speci- 
mens that  are  referred  after  deliberation  to  this 
species.  In  size  and  in  the  configuration  and 
nervation  of  the  basal  portion  they  are  indis- 
tinguishable from  F,  specios^issimay  but  in  the 
upper  portion  they  are  somewhat  more  elon- 
gated than  in  the  original  figure.  It  is  not 
believed,  however,  that  the  difference  is  sufli- 
cient  to  exclude  them  from  this  species. 

Occurrence:  Vermejo  formation  (Cretaceous); 
dump  of  Cokedale  mine,  Cokedale,  Colo., 
collected  by  W.  T.  Lee  (5698^;  at  locaUty  124, 
Spring  Canyon,  Vermejo  Park,  N.  Mex. 
(5237);  dump  of  mine  6  at  Forbes,  Colo. 
(5691);  east  wall  of  Vermejo  Park,  N.  Mex., 
near  locality  123,  25  feet  below  top  of  Vermejo 
formation,  collected  by  W.  T.  L(h^  (5810); 
Bo  wen  mine,  locahty  109,  near  Trinidad,  Colo. 
(5692);  Canon  City  field  (sec.  30,  T.  19  S.,  R. 
69  W.)  (5790);  dimip  of  Rockvale  mine.  Rock- 
vale,  Colo.  (5793) ;  Alkali  Gap,  Canon  City  field, 
Colo.  (5775);  Rockvale,  Colo.,  near  reservoir, 
collected  by  F.  H.  Knowlton. 

Ficus?  starkvillensis  Knowltoii,  n.  sp. 

Plate  XXXVni,  figure  9. 

Leaf  thick  in  texture,  narrowly  lanceolate, 
long  wedge-shaped  at  base  to  the  thick  petiole 
(apex    destroyed);    margin    perfectly    entire; 
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nervation  all  effaced  except  the  relatively 
thick  midrib. 

The  figured  specimen  is  the  best  of  the  two 
or  three  available  but  lacks  all  of  the  upper 
third  or  more  of  the  blade.  Its  width  is  1.75 
centimeters  and  its  length  apparently  about 
10  centimeters.  Another  very  fragmentary 
specimen  is  2.5  centimeters  wide. 

It  is  really  hardly  worth  while  to  name  this 
form,  as  it  is  so  broken  and  has  only  the  midrib 
preserved,  but  it  seems  best  to  call  attention 
to  the  fact  that  a  loaf  of  tliis  character  is 
present.  It  is  of  about  the  same  shape  and 
aiase  as  certain  American  specimens  from  the 
Laramie  formation  of  the  Denver  Basin,  re- 
fen'ed  by  Lesquoreux  *  to  Ficus  lanceolata 
Heer  (now  called  Ficus  navicularis  Cockerell), 
but  the  absence  of  nervation  makes  it  im- 
possible to  authenticate  this  identification. 
There  is  also  great  uncertainty  as  to  whence 
the  specimens  figured  by  Lesquereux  actually 
came,  though  the  same  forms  have  been  found 
in  the  Laramie  by  subsequent  investigators. 

Occurrence:  Vermejoformation  (Cretaceous) ; 
collected  by  W.  T.  Lee — dump  of  Starkville 
mine,  Starkville,  Colo.  (5707),  in  association 
with  Sequoia  ohovata,  8.  reichenhachij  oto.; 
dimip  of  mine  6  at  Forbes,  Colo.  (5691);  dump 
of  Gray  Creek  riiine,  about  40  feet  above  the 
base  of  Vermejo  formation  (5710). 

Ficus  praetrineiris  Knowlton,  n.  sp. 

Plate  XLI,  figures  1-4;  Plate  XLII,  figure  1. 

Leaves  of  firm  texture,  broadly  ovate  in 
shape,  more  or  less  abruptly  rounded  below  to 
the  decurrent  base,  and  apparently  rather 
obtuse  above;  margin  perfectly  entire;  three 
ribbed  from  the  base  of  the  decurrent  or 
wedge-shaped  basal  portion  of  the  blade; 
central  rib  (midrib)  straight,  terminathig  in 
the  tip  of  the  blade,  with  two  or  three  pairs  of 
secondaries  in  the  upper  portion;  lateral  ribs 
nearly  or  quite  equal  in  size  to  the  midrib, 
equally  dividing  the  distance  between  midrib 
and  the  margin  of  the  blade,  curved  and  be- 
comuig  approximately  parallel  to  the  midrib, 
thin  above  and  apparently  lost  before  reach- 
ing the  upper  third  of  the  blade,  each  with 
two  to  four  secondary  branches  on  the  outside, 
these  being  camptodrome  and  arching  well 
inside  the  margin;  finer  nervation  obsolete. 

1  Lesqoflnniz,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Bept., 
fOL  7,  pi.  28,  tf^,  1-5, 1878. 


This  species  is  represented  bj^  a  great 
ber  of  specimens,  showing  a  considerable 
in  size.  The  larger  examples  arc  about  1< 
timeters  long  and  about  7  centimeters 
smaller  ones  not  more  than  6  or  7  centin 
long  aad  4  centimeters  wide.  An  averag 
is  about  8  by  5  centimeters. 

In  the  Newberry  material,  now  the  pre 
of  the  United  States  National  Museum, 
are  some  especially  well  preserved  exa 
wliich  exliibit  the  whole  length  of  the  p< 
In  a  few  specimens  (see  fig.  3)  the  peti 
from  a  tliird  to  almost  Jialf  as  long  as  the  1 
and  the  three  principal  ribs  run  clear  to  th< 
base,  being  compressed  and  lying  side  by  s 
the  lower  part. 

Tlus  species  is  very  closely  allied  to  an 
frequently  been  confuised  with  Ficiis  iri 
Knowlton,  which  in  tuni  was  for  many 
confounded  with  Cinn^momum  affine  Lc 
roux'.  The  status  of  these  two  species,  w: 
have  previously  set  forth  at  length,  m; 
briefly  recapitulated.'  Cinnamomum  ajfir 
first  described  from  the  true  Laramie  f\ 
tion  at  the  Marshall  mine,  near  Denver, 
and  was  subsequently  reported  from  a  num 
localities  near  Golden,  Colo.,  presumably 
the  Laramie,  though  this  can  not  be  posi 
ascertained. 

Tlie  species  was  figured  by  Lesquereux 
the  source  and  location  of  the  figured 
mens  are  imcertain.  In  later  work,  hoT 
it  has  come  to  be  pretty  generally  recoj 
that  Cinnamomum  affine  Lesquereux  b< 
to  the  Laramie,  its  presence  in  beds  oldei 
tliis  being  uncertain  or  incorrect. 

Ward  obtained  some  ver\^  fine  material 
Black  Buttes,  Wyo.,  wliich  he  referred  tc 
namomum  affine  Lesquereux.*  These 
mens  agree  perfectly  with  one  of  the  Ia 
reux  figures  (5)  but  are  wholly  unlike 
maj'  be  called  typical  C.  affine  as  depict 
figures  1-4,  7.  It  was  these  Black  I 
specimens  as  figured  by  Ward,  together 
Lesquereux's  figure  5  above  mentioned, 
were  made  the  basis  of  Ficm  trinervis  K 
ton.  This  latter  species  is  very  abmidfl 
Black  Buttes,  in  beds  which  are  regard 
the  author  as  of  post-Laramie  age,  and 

*  Knowlton.  F.  H.,  Flora  of  the  Montana  formation:  I  .  S.  Geo 
BuU.  1(;3,  p.  42. 1900. 

»  Lesquereux,  I^eo,  TheTertiarj'  flora:  I'.  S.  Geol.  Survey  Tei 
vol.  7,  pi.  37,  ftgs.  1-5,  7,  1878. 

« Ward,  L.  F.,  op.  dt.,  pi.  47,  figs.  1-3. 
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since  been  reported  from  a  number  of  horizons 
in  Wyoming,  Montana,  and  Colorado,  though 
probably  not  always  correctly. 

Ficu8  trinervis  was  admitted  into  the  Mon- 
tana flora  ^  on  the  basis  of  several  very  poor 
specimens  (U.  S.  Nat.  Mus.,  Nos.  312  a,  b,  c) 
from  Point  of  Rocks,  Wyo.  It  is  probable  that 
these  should  now  be  referred  to  Picas  praetri- 
nerviSy  but  they  are  too  poor  to  be  of  much 
value  in  any  connection.  Ficus  trinervis  was 
not  noted  at  or  near  Point  of  Rocks  nor  in  any 
recent  material. 

As  already  stated  Ficus  prctetririervis  is  very 
closely  related  to  F,  trinervis,  the  difference 
being  in  the  lateral  ribs  and  their  running  to 
the  base  of  the  very  long  petiole.  In  F,  tri- 
nervis these  ribs,  which  of  cotirse  arise  at  the 
same  point  as  the  midrib  in  the  wedge-«haped 
basal  portion  of  the  blade,  are  practically 
straight  or  even  arch  slightly  outward,  and 
join  with  the  lowest  pair  of  secondaries  on  the 
midrib.  In  F.  praetrinervis  the  lateral  ribs> 
though  they  arise  in  much  the  same  manner  as 
in  the  older  species,  are  uniformly  curved  so 
that  they  shortly  become  parallel  to  the  mid- 
rib and  appear  to  be  lost  in  the  upper  part  of 
the  blade;  or  may  reach  nearly  or  quite  to  the 
upper  margin.  Although  this  difference  is  not 
great  it  appears  to  be  constant  and  may  serve 
to  distinguish  the  two  forms. 

Fieas  praetrinervis  is  a  very  abundant  species 
in  the  Canon  City,  Colo.,  field,  where  it  was 
identified  by  Lesquereux  as  Cinnamomum 
a/ffine. 

I  have  also  figured  from  Riley  Canyon, 
Colo.,  another  nearly  perfect  specimen  from 
above  the  conglomerate  and  hence  in  the 
Raton  formation.  It  is  the  only  specimen  in 
this  collection  and  is  rather  larger  than  usual. 
There  is  also  a  single  example  of  this  species 
in  one  of  the  large  collections  from  Wootton, 
Colo.,  and  thus  in  the  upper  beds.  It  was 
probably  a  specimen  similar  to  this  that  was 
once  identified  by  Lesquereux  as  his  Cinrui- 
momum  mississippiense,  which  it  much  re- 
sembles. 

Occurrence:  Vermejo  formation  (Creta- 
ceous); Canon  City  field,  Colo.,  Coal  Creek, 
near  Rockvale,  collected  by  George  Hadden; 
Newberry  collection,  from  same  locality  and 
presumably  by  same  collector;  1  mile  south  of 


»  Knowlton,  F.  H.,  op.  cit.,  p.  43. 


Rockvale,  Colo.,  collected  by  W.  T.  Lee  (5789) ; 
Canon  City  field  (sec.  30,  T.  19  S.,  R.  69  W.), 
collected  by  W.  T.  Lee  (5790) ;  Canon  City 
field  (sec.  18,  T.  19  S.,  R.  69  W.)  (5779);  fol- 
lowing localities,  all  by  W.  T.  Lee — Spring 
Canyon,  locality  124,  Vermejo  Park,  N.  Mex. 
(5237) ;  locality  136,  near  La  Veta,  Colo.  (5675) ; 
Starkville,  Colo.  (5707);  dump  of  mine  6, 
Forbes,  Colo.  (5691);  dump  of  Gray  Creek 
mine,  Colo.  (5710);  Cuatro,  in  Tercio  Park, 
Colo,  (5805);  Spring  Canyon,  locality  124, 
Vermejo  Park,  N.  Mex.  (5807);  following 
localities,  by  G.  B.  Richardson^s  party — Simp- 
son's mine,  3  miles  south  of  Walsenburg,  Colo. 
(5130) ;  roof  of  Cameron  mine,  3  miles  south  of 
Walsenburg,  Colo.  (5044).  Raton  formation 
(Tertiary) ;  Riley  Canyon,  one-half  mile  north 
of  Cokedale,  Colo.,  100  feet  above  the  base  of 
the  Raton  formation,  collected  by  W.  T.  Lee 
(5699);  Wootton,  Colo.,  50  to  100  feet  above 
Wootton  coal,  collected  by  W.  T.  Lee  (5712); 
hogback,  2  miles  southeast  of  Dean,  Colo.,  in 
slide  rack,  collected  by  G.  B.  Richardson's 
party  (5113). 

Ficus  regularis  Knowlton,  n.  sp. 

Fiais  vrrtgulmis  (Lesquereux)  Lesquereux  (in  part),  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Bull.,  vol.  1,  1875, 
p.  368, 1876;  U.  S.  Geol.  Surviey  Terr.  Kept.,  vol.  7 
(Tertiary  flora),  p.  196,  pi.  63,  fig.  9,  excl.  pi.  34, 
figs.  4-7,  1878;  ( Ulmust  irregularis  Lesquereux, 
U.  S.  Geol.  Survey  Terr.  Ann.  Rept.,  1871,  p.  378, 
1872),  not  F.  irregularis  Miquel,  Ann.  Mus.  Bot. 
Lugduno  Batavum,  vol.  3,  p.  224,  1867. 

Ficiis  coloradensis  Cockerell  (in  part),  Torreya,  vol.  10, 
p.  223,  1910. 

Similar  in  size  and  shape  of  leaf  to  F.  irregu- 
laris but  with  the  secondary  nerves  regular  in 
size  and  spacing  instead  of  irregular. 

In  the  several  collections,  but  especially  in 
those  from  the  Canon  City  field,  there  are  a 
number  of  rather  large  thick  leaves  that  are 
very  close  to  the  leaves  of  F,  irregularis.  They 
are  presmnably  the  same  as  the  single  leaf 
figured  by  Lesquereux  from  Point  of  Rocks, 
Wyo.,  under  this  name.  The  Canon  City 
specimens  are  preserved  on  a  coarse-grained 
matrix  and  it  is  somewhat  difficult  to  make 
out  the  characters. 

Occurrence:  Vermejo  formation  (Creta- 
ceous); Canon  City  field,  Colo.,  north  of  Coal 
Creek  (sec.  30,  T.  19  S.,  R.  69  W.),  collected  by 
W.  T.  Lee  (5790).  Montana  group;  Point  of 
Rocks,  Wyo. 
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Flciis  rhanmoides  Knowlton. 

Ficus  rhamnoides  Knowlton,  U.  S.  Geol.  Survey  Bull.  163. 
p.  47,  pi.  10,  figs.  1-3;  pi.  11,  fig.  1, 1900;  U.  S.  Geol. 
Survey  Prof.  Paper  98,  p.  339,  pi.  86.  fig.  10, 1916. 

This  species,  described  originally  from  the 
Montana  group  at  Point  of  Rocks,  Wyo.,  is 
represented  by  one  neariy  perfect  example 
and  by  several  more  fragmentary  specimens. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
Coal  Creek  (Rockvale),  Colo.,  collected  by 
George  Hadden  (U.  S.  Nat.  Mus.,  51168). 

Flcufl  rockvalensis  Knowlton,  n.  sp. 

Plate  XL,  figures  3,4. 

Leaves  small,  thick  and  coriaceous  in  texture, 
ovate-lanceolate  or  slightly  obovate-lanceolate, 
acuminate,  rather  abruptly  rounded  to  the 
slightly  unequal  sided  base;  margins  perfectly 
entire;  nervation  very  deeply  impressed,  con- 
sisting of  a  very  strong,  perfectly  straight 
midrib  and  five  or  six  pairs  of  strong  second- 
aries, which  arise  at  an  acute  angle,  are  alter- 
nate below  and  subopposite  above,  and  curve 
inward  just  at  the  margin ;  nervilles  numerous, 
very  strong,  approximately  at  right  angles  to 
the  midrib,  usually  broken,  occasionally  pre- 
cuirent;  finer  nervation  producing  large  quad- 
rangular areas. 

The  smaller  of  the  two  specimens  figured  is 
ovate-lanceolate  in  shape,  being  about  6  centi- 
meters in  length  and  a  little  over  2  centimetc^rs 
in  width.  It  is  characterized  by  its  small 
size,  unequal-sided  base,  deeply  impressed 
nervation  with  especially  strong  nervilles. 
In  this  latter  feature  it  suggests  the  genus 
Rhamnus,  especially  R.  cleburni  and  R.  goldi- 
anus  of  the  Denver  formation,  though  of  course 
the  shape,  size,  and  secondary  nervation  in 
these  species  are  totally  different.  On  the 
whole  it  is  best  referred  to  Fi^ms,  being,  for 
instance,  very  similar  to  certain  of  the  leaves 
from  the  Montana  group  at  Point  of  Rocks, 
Wyo.,  that  have  been  referred  to  F.  dalmatica 
Ettingshausen.^  Though  similar  in  size,  shape, 
and  general  appearance,  it  differs  in  the  regular 
close,  parallel  secondaries  at  an  acute  angle  and 
in  the  marked  appearance  of  the  nervilles.  In 
other  words,  the  nervation  is  hght  in  F.  dal- 
matica  and  very  strongly  impressed  in  F  rocJc- 
valensis. 


iLesquereux.  Leo,  The  Tertiar>'  flora:  V.  3.  Geol.   Survey   Terr. 
Rapt.,  vol.  7.  p.  199,  pi  la,  fig.  4,  1879. 


The  other  specimen  referred  here  wit 

hesitation    is    slightly    obovate-lanceo! 

,  eUiptical  in  shape  with  a  nearly  equ 

and  an  acuminate  apex. 

Occurrence :  Vomie  j  o  format  ion  (Cre  ta 

i  low  hill  opposite  the  baseball  park.  Re 

Colo.,  about  100  f(»et  above  the  Rockval 

stone  member  of  the  Vermejo,  coUec 

F.  H.  Knowlton,  1909  (5477). 

FIcus  gicantea  Knowlton,  n.  sp. 

Plate  XLIII. 

Leaf  of  very  large  size,  ovate  or 
elliptical,  rounded,  and  obtuse  at  apex, 
ently  abruptly  rounded  or  truncate  a 
margin  entire;  nervation  very  stronj 
sisting  of  a  thick  straight  midrib  and  S( 
eight  pairs  of  strong,  alternate  secondji 
an  angle  of  about  45^,  the  lower  ones  oc 
ally  branched,  all  camptodromo  and  f 
loops  near  the  margin;  nervilles  nur 
very  strong,  mainly  unbroken,  and  a 
angles  to  the  secondaries. 

•This  species  is  represented  by  two  w 
served  leaves — the  larger  of  which  is  fig 
and  a  few  fragments.  The  smaller  un 
leaf  is  15  centimeters  in  length  and  ab 
centimeters  in  width;  the  larger  one  is 
24  centimeters  long  and  about  18  centi 
wide;  but  it  unfortimately  lacks  the 
portion  and  most  of  the  margin  on  on 
Botli  are  very  well  marked  by  the 
nervation. 

The  smaller  leaf  somewhat  resembles 
apectabUis  l>squereux,*  from  the  Denv 
mation,  but  it  is  proportionately  broad 
fewer  secondaries,   and  a  somewhat  fl 
midrib.     The  figured  specimen  does  not 
ble  closely  any  species  wth  which  I  am  fa 
The  extreme  upper  part  is  quite  like  F. 
sissima    Ward,    but    the    basal    part 
markedly.     It  is  much  larger  than  tJie 
species  and  is  about  twice  the  size  of  ani 
species  reported  from  this  area. 

Occurrence:  Vermejo  (?)  formation  • 
ceous);  south  side  of  Santa  Clara  C 
near  water-tank  of  Rouse  mine.  Col 
collected  by  W.  T.  Lee  (5685),  on  same 
with  Credneria  protophyUoides. 

*  Idem,  pi.  33,  flg.  5,  1878. 
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Ficus  tessellata  Lesquereux  (MS.)»  n.  sp. 

Plate  XLI,  figure  5. 

Leaves  coriaceous  in  texture,  lanceolate, 
equally  narrowed  upward  from  the  middle  to 
an  acute  point  and  downward  to  the  base; 
margin  entire  or  sUghtly  undulate ;  midrib  tliin 
but  very  distinct,  straight;  secondaries  ten  or 
twelve  pairs,  at  an  acute  angle  (20°)  of  diver- 
gence, equally  spaced,  parallel,  camptodrome, 
following  the  borders  in  large .  marginal  loops ; 
nervilles  strong,  at  liglit  angles  to  the  second- 
aries, simple  and  continuous,  forming  large 
square  meshes. 

Tliis  species  is  represented  in  the  earlicT 
collections  by  two  specimens,  the  best  of  which 
is  here  figured.  This  leaf  is  nearly  perfect, 
lacldng  but  a  small  portion  of  the  tip.  It  is 
about  11  centimeters  long  and  a  httle  more 
than  2.5  centimeters  wdde.  The  less  perfect 
specimen  is  apparently  sUghtly  shorter  but  of 
about  tlie  same  width. 

This  species,  as  Lesquereux  points  out,  is 
perhaps  closest  to  Ficus  lanceolatn  Heer,*  yet 
differs  in  being  much  narrower  and  in  having 
a  more  regular  nervation,  the  secondaries  being 
at  a  more  acute  angle,  and  the  aerolation  more 
pronounced.  It  also  has  some  resemblance  to 
leaves  usually  referred  to  Rhumnus  salicifolius 
Lesquereux,  from  which  it  appears  to  differ 
in  having  fewer  more  uniform  secondaries  and 
a  different  aerolation. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
Coal  Creek  (Rock  vale),  Colo.,  collected  by  George 
Hadden  (U.  S.  Nat.  Mus.,  51169). 

Ficus  wardii  Knowlton. 

Plate  XLII.  figure  2. 

Ficus  ynrdii   Knowlton,  U.  S.  Geol.  Survey  Bull.  163, 
p.  48.  pi.  0.  fig.  L  1900. 

The  type  of  this  species  came  from  Point  of 
Rocks,  Wyo.,  in  beds  of  the  Rock  Springs  coal 
group  (in  the  Mesa  verde  formation ) .  The  exam- 
ple here  figunnl  is  not  so  large  as  the  original 
specim(*n,  but  it  does  not  otherwise  differ  from 
it.  At  first  sight  it  somewhat  resembles  smiill 
leaves  of  Ficus  speciosissima  and  F.  leei,  but  it 
is  separated  at  once  by  having  five  instead  of 
three  ribs. 

Occurrence:  Vermejo  formation  (Oeta- 
ceous);  Oakdale  mine,  locality  140,  northwest 

»  Heer,  Oswald,  Flora  tertiaria  Helvetiae.  vol.  2,  pi.  81,  figs.  3-r».  18.>6' 


of  La  Veta,  Colo.,  collected  by  W,  T.  Lee 
(5672),  associated  with  ^Yoodwardia  crenata, 
Sequoia  obovaia,  and  S,  reicTienbachi;  McAnily 
mine,  Walsenburg,  Colo.,  collected  by  W.  T. 
Lee  (5676);  Simpson  mine,  2  miles  south  of 
Walsenburg,  Colo.  (sec.  21,  T.  28  S.,  R.  66  W.), 
collected  by  G.  B.  Richardson's  party  (5130); 
roof  of  deserted  mine,  locality  108,  near  Bowen, 
Colo.,  collected  by  W.  T.  Lee  (5694);  Rockvale, 
Colo.,  in  Canon  City  field  (in  sec.  25,  T.  19  S., 
R.  70  W.),  collected  by  W.  T.  Lee  (5783). 

Ficus  curta  Knowlton,  n.  sp. 

Plato  XLII.  fi^.  5. 

Ficus  curta  f  Knowlton,  U.  S.  Gcol.  Survey  Prof.  Paper 
98,  p.  338,  pi.  88,  fig.  3,  1916. 

Leaves  thick  in  texture,  ovate  in  shape, 
abruptly  rounded  to  the  decuiTcnt  base  (apex 
destroyed);  petiole  rather  slender;  midrib 
slender,  straight;  secondaries  about  three 
pairs,  lowest  pair  arising  at  the  base  of  the 
blade,  at  an  acute  angle,  passing  high  up,  each 
with  two  or  three  tertiary  branches  on  the  out- 

ft 

side;  upper  secondaries  remote,  opposite, 
slightly  curved  upward,  apparently  campto- 
drome;  aU  finer  nervation   obsolete. 

These  leaves  are  about  7  centimeters  in 
length  and  4.5  centimeters  in  width;  the  petiole 
is  preserved  for  1.5  centimeters  and  is  probably 
not  quite  complete.  The  matrix  is  so  coarse 
gi*ained  that  only  the  primary  nervation  can 
be  made  out. 

This  species  undoubtedly  approaches  closely 
to  Ficus  planicostata  (joldi-ann  Lesquereux,^ 
from  the  Denver  formation  of  the  Denver 
Basin,  but  it  appears  to  be  a  thicker  leaf  with  a 
more  decuiTcnt  bas(»  and  to  have  fewer  tertiary 
branches  on  the  lower  secondaries. 

Occurrence:  Vermejo  formation  (Cretaceous), 
Canon  City  field,  Colo.,  1  mile  east  of  Rock- 
vale  (sec.  30,  T.  10  S.,  R.  69  W.),  collected  by 
W.  T.  Lee  (5790). 

Ficus  sp. 

Plato  XLV,  figure  1. 

In  the  collections  from  the  Canon  City  field 
1  find  a  fragmentary  leaf  —the  one  here  fig- 
ured— that  evidently  belongs  to  the  genus 
Ficus  but  is  too  imperfect  to  admit  of  proper 
characterization.  It  was  a  large  leaf,  probably 
12  centimetei's  or  more  in  length  and  about  10 

'  Lesquereux,  Leo,  op.  cit.,  pi.  33,  figs.  1,  2. 
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centimeters  in  width,  and  was  evidently  very 
thick.  The  nervation  is  very  thick  and 
heavy,  consisting  of  a  straight  midrib  and  at 
least  three  pairs  of  secondaries,  the  lowest 
pair  being  provided  with  about  six  tertiary 
branches  on  the  lower  side.  At  base  the  leaf  is 
rounded  truncate,  and  judging  from  the  appear- 
ance of  the  secondarv  nerves  it  seems  not 
improbable  that  it  was  lobed  above,  but  this 
is  impossible  of  verification.  In  some  respects 
it  suggests  Donibeyopsis  platanoides  Losque- 
reux,*  from  the  lower  coal-bearing  portion  of 
the  Livingston  formation  of  Montana  but 
differs  from  it  in  several  points. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
Canon  City  field,  Colo.,  1  mile  east  of  Rock- 
vale,  at  base  of  coal-bearing  rock  (sec.  30,  T.  19 
S.,  R.  69  W.),  coUectod  by  W.  T.  Lee  (5790). 

Artocarpus  dissecta  Knowlton,  n.  sp. 

PlaloXLII,  figure  6. 

Leaf  of  large  size  and  firm  texture,  deeply 
cut  into  at  least  three  pairs  of  opposite  lobes, 
the  upper  ones  separated  by  broad  rounded 
fiinuses,  the  lower  pair  remote  from  the  ones 
next  above  and  connected  with  them  by  an  ex- 
ceedingly narrow  wing  which  is  hardly  more 
than  the  petiole;  lower  lobes  nearly  at  right 
angles,  irregularly  ovate-lanceolate,  apparently 
obtuse,  the  blade  cut  away  on  the  lower  side 
nearly  to  the  midrib;  upper  lobes  at  an  angle 
of  about  45°,  spreading,  acute;  each  lobe  with  a 
midrib,  which  has  several  camptodrome 
branches  on  the  lower  side  and  an  additional 
rib  above  the  midrib;  a  short  secondary  from 
the  main  midrib  passes  up  to  and  forks  just 
imder  the  smuses  in  the  upper  part  of  the  leaf; 
finer  nervation  irregular. 

Unfortunately  the  specimen  figured  is  the 
only  one  observed  of  this  particular  form  and 
is  far  from  perfect,  lacking  all  of  the  upper 
portion  as  well  as  the  tips  of  the  lobes.  Its 
size  can  not  of  course  be  ascertained,  though 
it  was  presiunably  at  least  18  to  20  centimetoi-s 
long  and  about  16  centimeters  broad  between 
the  points  of  the  lower  k)bes. 

This  leaf  is  very  remarkable  in  that  it  lias 
the  lower  pair  of  lobes  separated  from  the  ones 
above  by  a  distance  of  nearly  2  centimeters 
of  practically  bare  midrib — that  is,  the  wing 
connecting  the  two  is  so  reduced  as  to  be 
almost  nonexistent.     The  lower  lobes  are  also 

*  Ii«8qu6ratiz,  Leo,  op.  cit.,  pi.  47,  figs,  l,  2. 


curiously  cut  into  almost  to  the  midrib  on  tl 
lower  side,  whereas  on  the  upper  side  it 
attached  bv  the  whole  base.  Otherwise  th 
leaf  is  undoubtedly  most  closely  related 
Artocarpv^  lessigiann  (Lesquereux)  Knowlton 
from  the  Laramie  formation  of  the  Denv< 
Basin.  Tlie  general  shape,  number,  configi 
ration,  and  t\T)e  of  nervation  of  the  lobes 
practically  the  same  in  botli,  and  it  may  w 
be  that  a  series  of  leaves  would  show  the 
identity;  but  as  the  facts  now  stand  they  ai 
best  considered  apart. 

Occurrence:  Vermejo fonnation  (Cretaceous 
dump  of  McAnily  mine,  Walsenburg,  Colo 
collected  by  W.  f.  Lee  (5676). 

FamUy  CSEDNESIACEAE. 

Credneria  protophylloides  Knowlton,  n.  sp. 

Plato  XL VI. 

Leaf  of  large  size,  evidently  tliick  and  firm 
texture,  apparently  nearly  orbicular  in  shap 
about  equally  rounded  to  both  base  and  ape 
margin  perfectly  entire;  petiole  short,  vei 
stout,  and  thick,  especially  at  the  point  < 
attachment;  midrib  very  thick,  thus  direct 
continuing  the  petiole;  secondaries  about  thrc 
pairs  opposite,  the  lowest  pair  as  strong  as  tl 
midrib,  arising  high  above  the  base  of  tl 
lamina,  considerably  curved  upward,  eac 
with  five  or  six  strong  tertiary  branches  on  tl 
outside,  these  often  again  bearing  outsit 
branches,  all  camptodrome  and  forming  broa 
bows  just  inside  the  margin;  midrib  betwee 
lowest  pair  of  secondaries  and  the  base  of  tl 
lamina  with  two  or  three  strong  branches  i 
right  angles  to  it;  nervilles  very  prominent  an 
strong,  mainly  unbroken,  nearly  at  right  angl 
to  the  secondary  or  tertiary  branches  whi( 
thev  connect. 

The  leaf  figured  is  the  best  preserved  of  an 
that  belongs  with  certainty  to  this  specie 
but  it  lacks  much  of  one  side  and  the  ape 
As  far  as  can  be  made  out  it  was  nearly  orbic 
lar  in  shape,  being  probably  about  20  cent 
meters  long  and  about  as  much  wide.  Tl 
petiole  is  nearly  4  centimeters  long  and  ful 
5  millimeters  thick  at  its  point  of  attachmen 
Another  still  larger  leaf  was  28  to  30  cent 
meters  long  and  22  to  24  centimeters  wid 
These  leaves  are  very  strongly  marked  by  tl 
fact  that  the  lowest  pair  of  secondaries  ris 
hisrh  above  the  base  of  the  blade  and  nms  i 


« Idem,  pi.  r»4,  flR.  1. 
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nearly  to  the  apex  of  the  leaf,  each  being 
provided  with  several  strong,  often  branched 
tertiaries  on  the  outside.  Below  the  lower 
pair  of  strong  secondaries  there  are  two  or 
three  strong  branches  on  the  midrib  which 
supply  the  basal  portion  of  the  blade.  The 
nerviUes,  as  already  pointed  out,  are  especially 
strong  and  prominent. 

In  the  preliminary  examination  and  without 
extensive  study  and  comparison,  it  was  thought 
that  this  leaf  should  be  referred  to  the  genus 
ProtophyUurrij  which  embraces  so  many  large 
and  striking  leaves  found  in  the  Dakota  sand- 
stone. The  resemblance  was  especially  marked 
in  the  basal  portion  of  the  blade  with  its  pecul- 
iar nervation,  in  the  thick  petiole,  and  in  the 
numerous  strong  nerviUes.  That  it  can  not 
belong  to  this  genus,  however,  is  shown  by 
several  essential  points  of  disagreement:  No 
known  species  of  ProtopTiyUum  has  its  leaves 
three  ribbed  from  above  the  base  of  the  blade; 
normally  ProtophyUum  has  its  leaves  perfohate; 
ProtopTiyUum  has  the  margin  of  the  blade 
imdulate  or  more  or  less  toothed  and  the  nerva- 
tion craspedodrome.  This  genus  may  there- 
fore be  dismissed  as  untenable  for  the  leaf 
under  consideration. 

The  next  genus  naturally  suggested  is  FicuSf 
of  which  many  large,  strongly  nerved  species 
have  been  described,  but,  so  far  as  can  be  re- 
called, all  have  the  secondaries  or  ribs — often 
from  three  to  five  or  even  seven — arising  at  the 
very  base  of  the  blade.  The  upper  part  of 
the  specimen  leaf  has  a  strong  resemblance  to 
certain  large  species  of  Ficus,  as,  for  instance, 
to  F.  spedosissima  Ward,  and  it  is  not  improb- 
able that  in  previous  studies  portions  of  the 
species  under  examination  may  have  been  so 
referred.  When  the  basal  portion  is  present 
such  reference  is  of  course  impossible. 

The  leaf  under  consideration  is  so  unmistak- 
ably similar  to  the  several  forms  ascribed  to  the 
genus  Credneria,  that  there  can  be  no  doubt  as 
to  the  correctness  of  its  reference  to  this  genus. 
Except  as  regards  size  it  is  hardly  to  be  dis- 
tinguished from  Oredneria  integerrima  Zenker  ^ 
from  the  Quadersandstein  of  Blankenburg, 
which,  by  tlic  way,  is  the  type  of  the  genus. 
It  also  resembles  in  the  basal  portion  certain 
other  species  from  the  same  locality,  as  C, 
subtriloba  Zenker  and   C,   hiloha  Zenker,   but 

1  Zenker,  J.  C,  Beitr&ge  ziir  Naturgeschichte  der  Urwelt,  pi.  2,  flg.  F, 
Jena,  1833. 


these  latter  seem  to  differ  from  it  in  the  upper 
portions.* 

Occurrence:  Vermejo  formation  (?)  (Creta- 
ceous); south  side  of  Santa  Clara  Canyon,  near 
water  tank  of  Rouse  mine,  Colorado,  collected 
by  W.  T.  Lee  (5685). 

Order  BANALES. 
Family  LAUBACEAE. 

Laums  coloradensis  Knowlton,  n.  sp. 

Plate  LXV,  fig:ure  3. 

Laurus  coloradensis  Knowlton,  V.  S.  Geol.  Survey  Prof. 
Paper  98,  p.  340,  pi.  88,  figs.  4,  5,  1916. 

Leaf  narrowly  lanceolate,  tapering  in  about 
equal  degree  to  both  base  and  apex;  petiole 
short  (?),  thick;  midrib  relatively  very  thick 
below  but  becoming  very  thin  above;  second- 
aries numerous,  a  dozen  or  more  pairs,  subop- 
posite,  much  curved  upward,  camptodrome, 
arching  near  the  margin  and  each  joining  the 
next  above  by  a  series  of  loops;  intermedi- 
ate secondaries  frequent,  usually  joining  the 
secondary  next  below;  secondaries  strong 
oblique  to  the  secondaries;  finer  nervation  not 
preserved. 

The  leaf  here  figured  as  the  type  of  this 
species  is  narrowly  lanceolate  in  shape,  being 
about  11  centimeters  in  length  and  2.5  centi- 
meters in  width;  the  petiole  is  praserved  for  a 
length  of  0.5  centimeter  birt  probably  is  not 
complete. 

In  the  matter  of  nervation  the  present  species 
approaches  very,  closely  to  Laurus  primigenia 
Unger,  as  figured  by  Lesquereux,'  but  it  differs 
from  this  in  size  and  to  some  extent  in  shape,, 
being  much  larger  and  narrower,  especially  at 
the  base.  Its  thick  petiole  and  thick  basal 
portion  of  the  midrib  constitute  other  minor 
differences. 

The  species  here  described  is  probably  the 
same  as  that  reported  from  Point  of  Rocks, 
Wyo.,  under  the  name  of  Laurus  primigenia,^ 
but  which  was  so  poorly  preserved  as  to  make 
the  determination  uncertain. 

Occurrence:  Vermejo  formation  (Cretaceous); 
Rockvale,  Colo.;  Newberry  collection,  prob- 
ably made  by  George  Hadden. 

« Idem,  pi.  3,  flg.  C;  pi.  2,  fig.  A. 

»  Lesquereux.  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  pi.  36.  flg.  6, 1878. 

*  Knowlton,  F.  II.,  Flora  of  the  Montana  formation:  U.  S.  Geol.  Sur- 
vey Bull.  163,  p.  58, 1900. 
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F^mUy  MAOKOLIACBAS. 
LIriodendron  aUtnm  Newberry  (MS.)* 

Plato  XLVIII,  figure  3. 

Lviodendfon  alatum  Newberry  MS.    HoUick,  Torroy  Bot. 
Club  Bull.,  vol.  21,  p.  468,  pi.  220,  1894. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  163,  p.  13,  pi.  1, 
fig.  6,  1900. 

Following  is  the  original  description  as  given 
bv  HoUick: 

Leaves  4-5  inches  wide,  oblong  or  ovate  in  outline, 
rounded  or  somewhat  cordate  at  base;  deeply  emarginate 
at  apex,  lobed  or  constricted  at  sides,  or  merely  with 
wavy  margins;  petiole  long,  stout,  and  conspicuously 
winged;  nervation  characteristic  of  the  genus,  consisting 
of  two  sets  of  parallel  secondaries,  one  strong,  connecting 
near  the  margins  in  festoons,  the  other  weaker  and  inter- 
mediate with  the  former. 

Tlie  material  upon  which  this  species  was 
founded  was  collected  under  the  direction  of 
R.  C.  Hills  at  WaLsenburg,  Colo.,  in  beds  sup- 
posed to  be  Laramie  in  age.  The  species  was 
subsequently  detected  by  the  writer  in  a  col- 
lection from  the  right  bank  of  Missouri  River, 
7  miles  below  the  Coal  Banks,  near  Virgelle, 
Mont.,  in  the  Eagle  sandstone.  The  two  or 
three  somewhat  fragmentary  examples  in  the 
present  collection  arc  from  Walscnburg,  Colo., 
and  doubtless  came  from  or  near  the  type 
locality.  They  are  apparently  not  quite  so 
large  as  the  type  specimen,  the  one  figured 
being  noticeably  smaller,  but  in  the  shape  of  the 
base  of  the  leaf  and  tlie  size  and  appearance 
of  the  winged  petiole  they  are  indistinguishable. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
dump  of  McAnily  mine,  Walscnburg,  Colo.,  col- 
lected by  W.  T.Lcc  (5676) ;  Wdsenburg,  Colo., 
types,  collected  for  R.  C.  Hills.  Eagle  sand- 
stone, right  bank  Missouri  River,  7  miles  below 
Coal  Banks,  near  Virgelle,  Mont. 

Order  ROSALES. 

Fftmily  PLATANACEAE? 

Platanus?  sp. 

Plate  XLII.  figure  3. 

The  collection  from  Rockvale,  Colo.,  con- 
tains a  single  small,  distorted  leaf  (fig.  3),  prob- 
ably stipular  in  position,  that  is  presumed  to 
belong  to  some  species  of  Platanus.  It  is 
ovate  in  shape  and  very  unequal  sided.  The 
margin  is  strongly  toothed,  with  the  seconda- 
ries (or,  in  the  lower  part,  the  tertiaries)  entering 


the  teeth.  The  nervilles  are  stron 
precurrent  and  platanoid  in  appearai 
Occurrence :  Vermejo  formation  (Cn 
Canon  City  field,  Rockvale,  Colo., 
collection,  presumably  obtained  b 
Hadden. 

Family  SOSACEAE. 
Amelaiichier  oboyata  Knowlton,  n. 

Plate  XLII,  figure  4. 

Leaf  small,  membranaceous  in  tex 
vate  in  shape,  being  roimded  and 
apex  and  obtusely  wedge  shaped  at  b 
gin  slightly  toothed,  the  teeth  rer 
midrib  thick,  straight ;  secondaries  at 
pairs,  opposite,  at  an  angle  of  a 
slightly  curved  upward,  camptodrc 
villes  numerous,  thin,  approximately 
angles  to  the  secondaries. 

This  little  leaf,  the  only  one  observ 
ularly  obovate  in  outline,  4  centime 
and  about  2.5  centimeters  wide;  it  hi 
portion  of  the  petiole  preserved.  It 
rosaceous  in  character  and  agrees 
Amelanchier,  being,  for  example,  nc 
unlike  A,  alnifolia  Nuttall,  the  famili 
berrv  of  the  Northwest.  It  is  not  h 
the  fossil  forms  referred  to  this  genus 

Occurrence :  Vermejo  formation  (Crc 
dump  of  Coal  Creek  mine,  Canon  City: 
Creek,  Colo.,  collected  by  W.  T.  Lee 

Family  PAPILIONACEAE. 
PhaseoUtes  crassus  Knowlton,  n.  fi 

Plate  XLV,  figure  5. 

Leaflet  of  firm  texture,  ovate-aciu 
shape,  rounded  to  the  obtusely''  wedj 
base;  margin  perfectly  entire;  petiole 
centimeter  long,  exceedingly  thick 
relatively  strong,  particularly  just  a 
base  of  the  blade;  secondaries  ab( 
pairs,  alternate,  arising  at  an  angle  of  a 
curved  upward,  camptodrome,  arcl 
near  the  border  of  the  blade;  nervilk 
ous,  fine,  mainly  precurrent  and  sli 
Uque  to  the  secondaries. 

This  handsome  little  leaflet  is  nearl 
lacking  only  a  small  portion  of  the  i 
has  the  blade  about  6  centimeters 
2.75  centimeters  wide  and  a  petiole 
centimeter  long  and  more  than  2  m 
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thick.  The  leaflet  is  sUghtly  curved  and  un- 
equal sided.  It  is  well  marked  by  this  thick 
petiole  and  by  the  alternate,  much-curved 
secondaries  with  the  fine,  slightly  obUque 
nervillcs. 

Among  the  described  species  referred  to  this 
rather  poorly  defijied  genus  the  present  species 
appears  to  approach  most  closely  to  Phaseo- 
lites  elegans  Hollick,*  from  the  Raritan  forma- 
tion at  Brooklyn,  N.  Y.  With  this  it  agrees 
very  well  in  size  and  shape,  though  not  so 
markedly  falcate,  and  appears  to  differ  princi- 
pally in  the  YQvy  thick  petiole.  The  seconda- 
ries also  appear  to  be  more  numerous,  more 
curved  upward,  and  more  markedl}'^  cami)to- 
drome,  though  this  feature  is  not  very  well 
shown  in  the  eastern  species. 

Occurrence:  Vermejo formation  (Cretaceous) ; 
Canon  City  field,  Rockvale,  Colo.,  Newberry 
collection,  probably  made  by  Greorge  Hadden. 

Phaseolites  leei  Knowlton,  n.  sp. 

Plato  XLV,  figure  6. 

Leaflet  narrowly  ovate-lanceolate  in  shape, 
broadest  below  the  middle,  thence  rounded  to 
the  base  and  to  the  slender  acuminate  apex; 
margin  entire;  petiole  short,  very  thick;  midrib 
strong,  especially  below;  secondaries  about  five 
pairs,  at  an  angle  of  about  45°,  curved  upward, 
camptodrome;  all  finer  nervation  obliterated. 

The  leaflet  figured  is  absolutely  perfect.  It 
is  7.5  centimeters  in  length  and  a  little  over  2 
centimeters  in  width.  As  it  is  preserv^ed  on  a 
coarse-grained  sandstone,  all  traces  of  the 
finer  nervation  are  obliterated  and  even  the 
major  nerv^ation  is  none  too  clearly  preserved. 
This  species  is  similar  to  P,  crassus  but  is 
longer,  much  narrower,  and  more  symmetrical 
instead  of  sli<j;htly  unequal -sided.  It  has  also 
fewer  secondaries. 

Occurrence:  Vermejo  formation  (Creta- 
ceous): Canon  City  field,  Colo.,  1  mile  east  of 
Rockvale  (sec.  'M),  T.  19  S.,  R.  69  W.),  at  base 
of  coal-bearing  rocks,  collected  by  W.  T.  Lee 
(5790) . 

Phaseolites  minutus  Knowlton,  n.  sp. 

Plate  LIII.  figure  4. 

Leaflet  of  small  size  and  evidently  firm 
texture,  slightly  obovate-elliptical  in  outline, 
broadest  near  the  middle,  whence  it  rounds  in 

»  nollick,  Arthur,  The  Cirtaccous  flora  cf  southern  New  York  and 
New  England:  U.  8.  Geol.  Survey  Men.  50,  p.  85,  pi.  32,  fig.  4,  lOOe. 


about  equal  degree  to  both  base  and  apex; 
margin  entire;  midrib  relatively  thick,  straight; 
secondaries  apparently  about  three  pairs  but 
very  obscurely  preserved. 

This  little  leaflet — the  only  one  observed — is 
about  4  centimeters  long  and  nearly  2  centi- 
meters wide.  The  nervation  other  than  the 
thick  midrib  is  obscure,  though  apparently 
there  are  about  three  pairs  of  secondaries. 

Occurrence:  Trinidad  sandstone  (Cretaceous) ; 
1  mile  south  of  Raton,  N.  Mex.,  collected  by 
W.T.Lee  (5145). 

Colutea  speciosa  Knowlton,  n.  sp. 

Plate  X LI  V,  figure  4. 

Texture  of  leaf  firm,  shape  transversely  ellip- 
tical, broader  than  long  (4.5  centimeters  w4de, 
3.5  centimeters  long),  about  equally  rounded  to 
the  emarginate  apex  and  below  to  the  small, 
abruptly  decurrent  base;  margin  perfectly  en- 
tire; midrib  thick  below,  straight,  becoming 
very  thin  above;  secondaries  thin,  about  four 
pairs,  at  a  very  low  angle,  much  curved  up- 
ward, especially  the  uppermost  pair,  w^hich 
turn  in  well  toward  the  midrib;  finer  nervation 
obscure. 

The  little  leaflet  figured  is  the  only  one 
noted  in  these  collections  and  is  fortunately 
almost  perfect,  lacking  oidy  a  very  small  por- 
tion of  one  margin.  It  is  regularly  rounded 
above  to  the  emarginate  apex,  the  sinus  being 
sharp  though  not  very  deep.  It  was  appar- 
ently thick  in  texture,  as  shown  by  the  thick 
midrib  and  very  faintly  impressed  secondaries; 
the  latter  are  opposite  or  subopposite  and  curve 
sharply  upward  after  starting  nearly  at  right 
angl(^  to  the  midrib.  The  leaflet  appears  cer- 
tainly to  be  congeneric  with  various  leaflets  re- 
ferred by  Ileer  and  others  to  Colutea,  It  is,  for 
instance,  very  similar  in  shape  to  C,  macro- 
phijlla  and  (\  saWri^  from  the  Miocene  of 
Switzerland,  but  it  is  very  much  larger  and 
proportionately  much  broader  than  either. 
In  the  character  of  the  emarginate  apex  it  is 
like  C,  primordmlfs  Ileer,^  from  the  Upper 
Oetaceous  of  Greenland,  but  differs  markedly 
from  it  in  shape  as  weU  as  in  size. 

Occurrence:  Vermejo  formation  (Oetaceous); 
locality  125,  west  of  Vermejo  Park,  N.  Mex., 
in  middle  of  Vermejo  formation,  collected  by 
W.T.Lee  (5809). 

«  lleer,  Oswald,  Flora  tert iaria  ITelvetiae,  vol.  3,  pi.  132,  figs.  46, 47-67, 
1850. 
*  Ileer,  Oswald,  Flora  fossilis  arctica,  vol.  G,  pi.  37,  figs.  7-11, 1880. 
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Older  8AFINDALES. 

AuBilly  CELASTBACEAE. 
Cdastrofl  haddeni  Knowltoiu  n.  sp. 

Plate  XLV,  figure  2. 

Leaf  small,  firm  in  texture,  narrowly  and 
obliquely  obovate,  rounded  above  and  nar- 
rowed below  to  the  long  wedge-shaped  unequal- 
sided  base;  margin  perfectly  entire;  midrib 
relatively  very  strong,  with  five  pairs  of  alter- 
nate, acute-angled  secondaries,  the  lower  pair 
arising  at  the  very  base  of  the  blade  and  pro- 
ducing a  three-ribbed  effect;  the  lowest 
secondary  on  the  broad  side  of  the  blade  with 
several  tertiary  branches  on  the  outside,  these 
and  all  the  upper  secondaries  camptodrome, 
arching  just  withm  the  margin ;  finer  nervation 
obscure. 

This  little  leaf,  the  only  one  observed  in  the 
collection,  is  obovate  in  shape,  being  4  centi- 
meters in  length  and  2  centimeters  in  width 
at  the  broadest  point,  which  is  well  above  the 
middle.  The  leaf  appears  to  be  three  ribbed 
from  the  base,  but  really  the  lowest  pair  of 
secondaries  arise  near  the  base  of  the  midrib, 
thus  simulating  a  true  three-ribbed  appear- 
ance. The  nervation  is  well  brought  out  in 
the  figure  and  need  not  be  further  described. 
So  far  as  kno>\Ti  to  me,  there  is  nothing  in  the 
present  collections  to  wliich  tliis  can  be 
closely  compared. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Canon  City  field.  Coal  Creek  (Rockvale),  Colo., 
collected  by  George  Hadden  (U.  S.  Nat.  Mus., 
51373). 

CeUstms?  hesperius  KnowUon,  n.  sp. 

Plato  XLIV,  figure  5. 

Leaf  small,  ovate  or  ovate-eUiptical,  rather 
abruptly  narrowed  to  a  wedge-shaped  base  and 
to  the  obtuse  apex;  margin  undulate-toothed 
throughout;  midrib  relatively  strong,  straight; 
secondaries  about  five  pairs,  alternate,  at  an 
angle  of  about  45°,  apparently  camptodrome, 
but  this  and  the  finer  nervation  obscure. 

This  little  leaf,  the  only  one  obsen^ed  in  the 
collections,  is  hardly  worthy  of  a  name,  yet  it 
appears  to  be  different  from  anything  pre- 
viously noted.  It  is  4.5  centimeters  long  and 
about  3  centimeters  wide. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Canon  City  field.  Coal  Creek  (lloekvale),  Colo., 


collect<5d  by  George  Hadden  (U.  £ 
51254). 

Celastms?  sp. 

Plato  XLVII,  figure  6. 

The  mere  fragment  figured  is 
found  of  this  form,  and  if  it  \ 
parently  a  well-marked  type  it  > 
be  worthy  of  mention.  It  was  pi 
tical  in  shape,  about  10  centime! 
7  centimeters  wide,  with  the  mar 
with  numerous  relatively  large  r< 
teeth.  Very  Uttle  of  the  nerva 
the  thick  midrib  and  a  few  deUcat 
can  be  ascertained.  It  appears 
characters  that  would  place  it  in  ( 
this  is  very  uncertain,  and  it  is  pi 
ply  to  call  attention  to  the  fact  tl 
large,  pecuharly  toothed  leaf  prci 
beds. 

Occurrence:  Vermejo  formation 
locality  125,  west  of  Vermejo  Pa 
collected  by  W.  T.  Lee  (5809). 

Order  RHAMNALES. 

Family  SHAMNACEAE. 

Rhamnns  salicifoUus  Lesquer 

Rhamnus  salici/olius  Losquereiix,  Am.  Joi 
vol.  41,  p.  200,  1868;  U.  S.  Geol.  Su 
Rcpt.,  p.  196,  1869;  idem,  1872,  p. 
Geol.  and  Geog.  Survey  Terr.  Ann. 
382, 1874;  idem,  1876,  p.  517,  1878;  1 
vcy  Terr.  Rept.,  vol.  7  (Tertiary  fl( 
53,  figs.  9,  10,  1878. 
Knowlton,  U.  S.  Geol.  Survey  Bull.  1 

The  type  locality  for  this  species 
coal  mine,  Boidder  County,  Colo 
true  Laramie  age.  Of  the  two  € 
nred  by  Lesquerenx  as  typos  of  th( 
original  of  figure  9  is  the  specimer 
tioned  from  Marshall's,  and  the 
figure  10  is  said  to  have  come 
Buttes,  Wyo.  Neither  of  these  s] 
now  bo  found  in  the  collections  o 
States  National  Musuem,  where  t 
posed  to  be,  and  as  the  species  1 
subsequently  detected  at  Black 
occurrence  at  this  locality  is  for 
held  to  be  questionable.  The 
proved  to  be  more  or  less  abur 
Laramie  formation  of  the  Denve 
curririg  at  Coal  Creek,  Boulder  (' 
and  at  Golden.     It  has  subsequent 
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tified  with  some  question  in  the  Montana  group 
near  Harper  station,  Wyo.,  and  is  now  known 
to  be  fairly  common  in  beds  of  similar  age 
near  Rock  Springs,  Wyo. 

In  the  material  from  Coal  Creek  (Canon  City 
field),  Colo.,  collected  by  Hadden  and  studied 
by  Lesquereux  in  the  Lacoe  collection,  are  two 
leaves  which  were  regarded  by  him  as  repre- 
senting a  new  species  of  Rhamnus.  They  are 
rather  fragmentary,  lacking  both  base  and 
apex,  but  so  far  as  can  be  made  out  they  do 
not  differ  from  the  smaller  of  the  two  leaves 
figured  by  Lesquereux  as  types  of  Rhamnus 
salicifolius  and  they  are  so  referred. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Canon  City  field.  Coal  Creek  (Rockvale),  Colo.,, 
collected  by  George  Hadden  (U.  S.  Nat.  Mus., 
51219, 51220) ;  ?2  miles  west  of  Trinidad,  Colo., 
near  locaUty  106  (sec.  15,  T.  33  S.,  R.  64  W.), 
70  feet  above  base  of  Vermejo  formation,  col- 
lected by  G.  B.  Richardson's  party  (5098). 

Zizyphus  paliurifoUus  KnowUon,  n.  sp. 

Plate  XL VI I,  fig:iire8  1-4. 

Leaves  variable  in  size,  membranaceous  in 
texture,  ovate  or  ovate-elliptical  in  shape, 
about  equally  rounded  to  both  base  and  apex; 
margin  perfectly  entire;  nervation  triple  ribbed 
from  the  base  of  the  blade,  the  rib  of  about 
equal  strength,  the  lateral  ones  at  an  acute 
angle  and  passing  up  nearly  or  quite  to  the 
apex;  midrib  straight,  with  one  or  two  pairs 
of  alternate  secondaries,  usually  in  the  upper 
portion  only ;  lateral  ribs  with  four  or  five  pairs 
of  secondary  branches  on  the  outside,  these 
being  simple  in  the  smaller  leaves  and  forked 
in  the  larger  ones,  camptodrome;  nerv^illes 
strong,  at  right  angles  to  the  midrib. 

There  are  seven  specimens  in  the  small  col- 
lection representing  this  locaUty,  which,  al- 
though differing  greatly  in  size,  appear  to  be- 
long together.  The  smallest  leaf  (fig.  1)  is 
4  oentuneters  long  and  about  2.5  centimeters 
wide,  and  the  largest  (fig.  4)  probably  was  not 
far  from  12  to  14  centimeters  long  and  10 
centimeters  wide.  The  most  perfectly  pre- 
served example  (fig.  2)  is  4.5  centimeters  long 
and  a  little  over  3.5  centimeters  wide.  Others 
of  intermediate  size  are  about  10  centimeters 
long  and  7  centimeters  wide. 


At  first  sight  these  leaves  appear  very 
different,  but  they  all  have  the  same  peculiar 
nervation,  and  when  arranged  in  a  series  on  the 
basis  of  size  it  seems  impossible  to  draw  any 
satisfactory  line  between  them.  It  would  seem 
that  they  may  either  be  referred  to  one  species 
or  to  almost  as  many  as  there  are  leaves. 

The  species  appears  to  be  related  to  Zizyphus 
distortus  Lesquereux^  or  Z.  jihriUosus  Les- 
quereux, both  from  the  Denver  formation  of  the 
Denver  Basin  of  Colorado.*  From  Z.  fihrU- 
losus  it  differs  in  the  base  and  more  particularly 
in  the  absence  of  the  peculiar  nervilles,  and 
from  Z.  distortus  in  size  and  in  certain  details 
of  nervation;  it  is,  however,  closer  to  Z. 
distortus  than  to  Z.fbriUosv^. 

The  small  leaves  of  this  species  (particularly 
fig.  2)  are  verj^  similar  to  those  oi  Paliurus 
colo^mbi  Heer,  as  identified  for  instance  by 
Lesquereux  ^  from  the  lower  Tertiary  of  Carbon 
County,  Wyo.,  but  even  the  smallest  is  consid- 
erably larger  than  any  of  the  Carbon  County 
leaves.  They  also  show  differences  in  the 
nervation,  the  secondaries,  for  instance,  pass- 
ing nearly  or  quite  to  the  margin  and  there 
joining  a  marginal  vein  instead  of  being  plainly 
camptodrome  and  curving  some  distance  below 
the  marghi. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 

Vermejo  Park,  N.  Mex.,  locality  123,  near  top 

of  Vermejo  formation,  collected  by  W.  T.  Lee 

(5810). 

Order  MAL VALES. 

FamUy  STESCULIACEAE.  • 

Sterculia  coriacea  Knowlton,  n.  sp. 

Plate  LX VIII,  figure  1. 

Leaf  coriaceous  in  texture,  cuneate  at  base, 
palmately  three  lobed,  the  lobes  cut  nearly  to 
the  base,  narrowly  lanceolate,  acumhiate; 
margins  perfectly  entire;  petiole  long  and  very 
strong;  nervation  consistmg  of  a  midrib  for 
each  lobe,  those  for  the  lateral  lobes  joining 
the  one  for  the  central  lobe  well  about  the 
base  of  the  blade;  additional  nervation  now 
obsolete. 

This  very  characteristic  leaf  is  8  centimeters 
long  from  the  top  of  the  petiole  to  the  apex  of 

1  The  Tertiary  flora:  U.  S.  Geol.  Suney  Terr.  Rept.,  vol.  7,  p.  276, 
pi.  51,  figs.  7-9,  pi.  r)2,  figs.  1-fi,  1878. 
>  Idem,  pi.  50,  figs.  13-17. 
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the  central  lobe  and  nearly  9  centimeters  wide 
between  the  tips  of  the  lateral  lobes.  The  lobes 
are  4  to  5  centimeters  long  and  nearly  1.5 
centimeters  wide  at  the  base.  The  petiole  is 
3.5  centimeters  long  and  is  relatively  very 
strong.  The  lateral  lobes  stand  nearly  at  an 
angle  of  45**  with  the  central  lobe.  The  oidy 
nervation,  at  least  the  only  nervation  pre- 
servcKl,  is  the  rather  light  midrib  for  each  lobe. 

Tliis  species  is  of  the  same  type  as  Sterculia 
reticulaUi  Lesquereux/  from  the  Dakota  sand- 
stone of  Kansas,  and  S.  rigi<la  Ijesc[uereux,' 
from  the  Miocene  of  Florissant,  Colo.  It  is, 
however,  considerably  larger  than  either  of 
these  species;  it  differs  from  the  first  hi  havhig 
acmninate  instead  of  obtuse  lobes  and  absence 
of  reticulate  nervation,  and  it  differs  markedly 
from  the  second  in  havhig  the  lobes  more  than 
twice  as  broad  and  the  base  more  broadly 
cuneate.  The  petiole  is  very  like  that  of  S. 
reticulata. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
locality  124,  Spring  Canyon,  Vermejo  Park, 
N.  Mex.,  at  top  of  Vermejo  formation,  col- 
lected by  W.  T.  Lee  (52:37). 

Pterospermites  undulatus  Knowlton. 

Pterospermites  undulatus  Knowlton,  U.  S.  Geol.  Survey 
Bull.  163,  p.  67,  pi.  16  (fig.  3),  pi.  17  (fig.  2),  pi.  18 
(fig.  4),  1900. 

Several  rather  imperfect  leaves  that  are  re- 
ferred to  this  species  are  contahied  hi  collec- 
tions from  the  vicinity  of  Roekvale,  Colo.,  and 
it  is  present  hi  material  collected  by  Lee  in 
Vermejo  Park,  N.  Mex. 

Occurrence:  Vermejo  formation  (Cretaceous) : 
Canon  City  field,  Coal  Creek  (Roekvale),  Colo., 
collected  by  George  Iladden  (U.  S.  Nat.  Mus. 
51328,  51330);  Vennejo  Park,  N.  Mex.,  near 
locality  123,  collected  by  W.  T.  Lee  (5810) ;  near 
Roekvale,  Colo.,  in  the  Canon  City  field  (sec. 
28,  T.  19  S.,  R.  70  W.),  near  base  of  rim  rock, 
collected  by  W.  T.  Lee  (5782). 

Pterospermites  wardii  Knowlton. 

PteroapermiUs  wardii  Knowlton,  U.  S.  Gool.  Sur\'oy  Bull. 
163,  p.  66,  pi.  16,  fig.  1,  IJKX). 

In  the  material  from  Walscnburg,  Colo., 
there  is  a  single  loaf  tliat  appears  to  belong  to 

» I^gqaereux,  I^eo,  Tho  flom  of  the  l>akola  pDiip:  U.S.  (Jool.  Survey 
Men.  17,  pi.  84,  fig.  10,  isn2. 

SLesqaereux,  Leo,  The  C>otace«»us  aixl  Tertiary  Hurw:  U.  S.  rnt»I. 
Survey  Terr.  Kept.,  vol.  8,  pi.  M,  fip.  12  issa. 


this  speeies.  It  is  so  badly  pp 
[  adds  nothing  to  our  knowledge 
and  consequently  it  has  not  be 
is  of  about  the  same  size  as  tl 
quoted  and  appears  to  agree  \^ 
sential  characters  of  margin  an 
finer  nervation. 

Occurrence:  Mesaverde  forn 
ccous) ;  Point  of  Rocks,  Wyo.  ^ 
tion  (Cretaceous) ;  dump  of  McA 
stMiburg,  Colo.,  collected  by  W. 

Pterospermites  nervosus  Know 

Plato  XLVIII,  liuure 

Leaf  large,  apparently  of 
elliptical  outline,  very  obtuse 
appan^ntly  truncate  or  roun 
margin  perfectly  entire;  midrib 
tliick,  grooved;  principal  secc 
eight  pairs,  thin,  alternate,  at 
tances,  the  two  lowest  pairs 
same  point  high  above  the  bas 
one  pair  at  right  angles  to  the  m 
pair  (and  all  above  it)  at  an  ang 
camptodrome,  forming  broad  k 
the  margin;  one  or  two  pairs 
ondaries  below  the  principal  o; 
basal  portions  of  the  blade;  m 
ous,  thin,  very  irrc»gular  and  bi 
nervation  forming  rather  lai 
quadrangular  areolae. 

Tlie  specimen  figured,  whicl 
nearly  all,  of  the  basal  margin, 
obsc»r\'ed  in  the  collections.     It 
nearly  regularly  elliptical  in  s 
about  13  centimeters  long  and 
wide. 

In  some  respects,  particular] 
portion,  this  leaf  suggests  M(u 
peculiar  disposition  of  the  nerv 
portion  precludes  its  reference 
Its  basal  nervation  suggests 
but  from  this  genus  it  is  excluc 
that  in  all  species  of  ProtophyU 
ary  nervation  is  craspedodrome 
margin,  or,  more  commonly,  in 
The  present  leaf  is  perfect I3'  - 
nervation  camptodrome,  whicl 
the  genus  Pterospermites.  Tlu 
of  the  base  is  not  known,  but  tl 
of  the  basal  nervation  agrees  W' 
several  described  species,  such. 
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P.  dentatiLS  Heer,*  from  the  Miocene  of  the 
Mackenzie  River  region;  it  diflFers  from  this, 
however,  in  having  marginal  teeth. 

Occm*rence:  Vermejo  formation  (Cretaceous) ; 
Rockland  mine,  locality  120,  3  miles  south- 
west of  Walsenburg,  Colo.,  near  top  of  Vermejo 
formation,  collected  by  W.  T.  Lee  (5677) . 

Hedera  rotundifoUa  Knowlton,  n.  sp. 

Plate  XLVII,  figure  8. 

Leaf  thickish  in  texture,  orbicular  in  shape, 
rounded  and  very  sHghtly  heart-shaped  at 
base,  rounded  and  obtuse  at  apex;  margin 
perfectly  entire;  nervation  relatively  strong, 
three  ribbed  from  the  top  of  the  petiole;  midrib 
with  one  pair  of  secondaries  in  the  upper 
part;  lateral  ribs  at  an  angle  of  about  45°, 
slightly  curved  upward,  .each  with  three  or 
four  secondary  branches  on  the  outside, 
standing  at  right  angles  to  the  midrib;  finer 
nervation  not  preserved. 

Thig  little  leaf  is  about  3.5  centimeters  long 
and  4.5  centimeters  broad.  As  the  matrix  in 
which  it  is  preserved  is  very  coarse  grained 
all  trace  of  the  finer  nervation  has  been  oblit- 
erated, so  that  beyond  the  three  principal 
ribs  and  the  few  secondary  branches  it  is  not 
possible  to  go.  It  can  not  be  made  out 
whether  the  secondaries  are  camptodrome  or 
craspedodrome,  though  presumably  the  former. 

Occurrence:  Vermejo  formation  (Cretaceous); 
locality  129,  south  of  Francisco  Pass,  west  of 
Raton,  N.  Mex.,  at  the  base  of  the  Vermejo 
formation,  where  it  is  associated  in  the  same 
hand  specimens  with  marine  invertebrates, 
such  as  TeUina  sdtula  Meek  and  Ilayden,  and 
Panopaea?  sp.,  collected  by  W.  T.  Lee  (5806). 

Family  VITACEAE. 
Vhis?  fragmenta  Knowlton,  n.  sp. 

Plate  XLVII,  figure  7. 

Leaf  rather  coriaceous  in  texture,  outline 
unknown  but  presumably  nearly  circular, 
very  deeply  heart-shaped  at  base,  the  lobes 
broad,  rounded,  and  nearly  overlapping;  mar- 
gin apparently  coarsely  toothed,  but  this  point 
is  obscure;  nervation  three  ribbed  from  the 
top  of  the  petiole,  the  midrib  strong,  with  at 
least  one  pair  of  nearly  opposite  secondaries; 
lateral  ribs  at  an  angle  of  about  45°,  nearly  as 
strong  as  the  midrib,  slightly  curved  upward, 

» Heer,  Oswald,  Flora  fossiiis  arctica,  vol.  1,  pi.  22,  figs.  G,  7,  9, 1808. 


each  with  several  secondary  branches  on  the 
outside  which  supply  the  cordate  base. 

A  single  fragment  is  all  that  was  foimd  of 
this  form.  It  is  impossible  to  determine  its 
exact  size,  though  it  appears  to  have  been 
about  7  centimeters  long  and  about  6  centi- 
meters wide.  The  margin  in  the  lower  por- 
tion appears  to  be  coarsely  toothed,  but  the 
matrix  is  a  rough  sandstone  and  it  is  difficult 
to  be  certain  of  the  true  margin. 

This  specimen  is  so  fragmentary  that  were 
it  not  from  the  lowest  beds  of  the  Vermejo 
formation  it  would  hardly  be  worthy  of  name 
and  description.  It  appears  to  resemble  the 
genus  Vitis  most  closely,  but  its  reference 
thereto  may  not  be  correct. 

Occurrence:  Trinidad  sandstone  (Cretaceous) ; 
1  mile  south  of  Raton,  N.  Mex.,  collected  by 
W.T.Lee  (5145). 

Cissites  panduratus  Knowlton,  n.  sp. 

Plate  LXIX,  figure  10. 

Leaf  membranaceous  in  texture,  very 
broadly  ovate  or  nearly  circular  in  general  out- 
line, truncate  at  base,  deeply  cut  by  broad 
rounded  sinuses  into  five  large  lobes;  middle 
lobe  obovate,  probably  with  two  or  three  small 
lobes;  next  pair  of  lobes  symmetrical,  unequal 
sided,  somewhat  obovate,  obtuse;  lowest  pair 
of  lobes  symmetrical,  smaller  than  the  others, 
nearly  at  right  angles  to  the  midrib,  obtuse; 
nervation  five  palmate  from  the  top  of  the 
petiole,  the  ribs  straight,  terminating  in  the 
apex  of  the  lobes;  middle  rib  with  about  five 
pairs  of  slender  secondaries;  lateral  ribs  near 
upper  margin  of  the  lobes,  each  with  two  or 
three  pairs  of  slender  alternate  secondaries, 
except  the  lower  pair,  which  has  the  secondaries 
on  the  lower  side  only. 

This  species  is  represented  at  present  only 
by  the  si)lendid  specimen  figured,  which  is 
nearly  perfect.  It  is  about  7  centimeters  in 
length  and  7  centimeters  between  the  points 
of  the  lower  lobes  and  a  Httle  less  between  the 
tips  of  the  middle  lobes.  The  slender  petiole 
is  preserved  for  2.5  centimeters  and  was  prob- 
ably a  little  longer  when  perfect.  The  sinuses, 
as  will  be  noted  in  the  figure,  are  very  broad  and 
rounded;  under  each  of  the  upper  ones  there 
is  a  secondary  branch  of  the  midrib  which 
forks  and  passes  in  either  direction  just  within 
the  border.     ^Vside  from   the  few  secondary 
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branches  shown  in  the  figure,  the  finer  nerva- 
tion b  not  preserved. 

The  species  appears  at  first  sight  to  be  re- 
lated to  a  number  of  forms  among  living  and 
fossil  species.  It  suggests  certain  deeply  lobcd 
leaves  of  Acer,  but  its  lobes  are  all  entire  or,  in 
any  event,  are  without  the  sharp  teeth  and 
lobes  usually  characteristic  of  the  maples.  It 
also  remotely  reseml)les  certain  of  the  very 
deeply  lobed  leaves  of  Linod^ridron,  and  the 
position  of  its  ribs  near  the  upper  margin  of 
the  lateral  lobe  is  not  unlike  the  conditions  in 
this  genus,  butits  facies  is  on  the  whole  differ- 
ent. It  also  suggests  certain  sj)ecies  of  Vitis 
and  OissuSf  though  the  resemblance  is  not  par- 
ticularly close  in  any  living  species  noted  in 
the  National  Herbarium.  On  the  whole  it 
seems  to  be  most  like  the  genus  Cissites,  being, 
for  instance,  strongly  suggestive  of  C.  formosus 
Heer,  as  figured  by  Lesquereux.*  The  latter, 
however,  is  only  three  lobed  and  the  present 
form  is  not  conspecific  with  it. 

Occurrence:  Vermejo formation  (Cretaceous) ; 
locality  1 20,  Rockland  mine,  3  miles  southwest 
of  Walsenburg,  Colo.,  collected  by  W.  T.  Lee, 
1910  (5677) ;  dump  of  McAnily  mine,  Walsen- 
burg, Colo.,  collected  by  W.  T.  Lee  (5676). 

Order  EBENALES. 

FamUy  EBENACSAE. 

Diospyros?  leei  Knowlton,  n.  sp. 

Plate  XLVIII,  figure  2. 

Leaf  evidently  of  thickisli  texture,  elUptical 
or  slightly  obovate-eUiptical,  broadest  above 
the  middle,  thence  rounded  to  the  slightly 
pointed  apex  and  below  to  the  short  thick 
petiole;  midrib  extremely  thick  below,  be- 
coming almost  effaced  before  reaching  the 
apex;  secondaries  seven  or  eight  pairs,  alter- 
nate, at  an  angle  of  about  30°,  somewhat 
curved  upward  near  the  margin ;  upper  pairs  of 
secondaries  very  thin  and  abnost  obsolete: 
finer  nervation  not  well  ])re^orved. 

This  handsome  little  leaf  is  practically  per- 
fect. It  is  6  centimeters  in  length  and  4.5 
centimeters  in  width.  A  little  more  than  5 
millimeters  of  the  petiole  is  preserved.  This 
leaf  is  notable  for  its  elliptical  outline  and  ex- 
tremely thick  midril). 

It  is  perhajis  uncertain  that  it  belongs  to 
Diospyros,  and  the  generic  reference  is  conse- 

1  Lesqaenoz,  Leo,  The  flora  of  the  Dakota  group:  V.  S.  (ieul.  Survey 
Hon.  17,  p.  161,  pi.  21,  fig.  5, 1891. 


quently  questioned.  It  is  of  tl 
general  appearance  of  D,  Jicoidea 
from  Black  Buttes  and  Hodges 
from  which  it  differs  in  being 
eUiptical  with  very  slightly  i)ointe< 
secondaries  are  at  a  lower  anj 
branched. 

Occurrence:  Vermejo  formation 
Vermejo  Park,  N.  Mex.,  nearest 
near  the  middle  of  tlie  Vermejo  fo 
lected  by  W.  T.  Lee  (5809). 

Order  GENTIANALES. 

FamUy  OLEACEAE? 

Frazinns?  sp. 
Plate  XLIX,  figure  1. 

The  collections  from  the  Gcay 
near  Gray  Creek,  Colo.,  include  a 
men  (fig.  1)  that  appears  to  b 
genus  Fraxinus  but  that  is  so  frag 
I  have  not  ventured  to  name  it. 
dently  an  ovate-lanceolate,  enl 
leaf  about  9  centimeters  in  lenj 
centimeters  in  width.  It  had 
pairs  of  alternate  acute-angled 
Its  finer  nervation  is  obscure. 

In  some  ways  this  leaf  sugge 
salidfoUus  l-icsquereux,  but  it  is  n 
and  has  fewer  more  acute-angled 
In  shape  it  suggests  certain  leav 
been  referred  to  Ficus  lan<:e6lata  1: 
again  the  nervation  is  more  acute 

Occurrence:  Vermejo  formation 
dump  of  coal  mine,  at  Gray  Cre( 
lected  by  W.  T.  Lee  (5710),  foun 
pra^trinervis,  Viburnum  anoniaUm 

Order  BUBIALES. 

Family  CAPBIFOLIACEA] 
Yibumum  anomalinenrum  Knowlt^ 

Plate  XLV,  figure  4. 

Vibumum  whymperi  Ileor.     Lescjuercux, 
vey  Terr.  Rept.,  vol.  7  (Terliary  fl 
01 'fig.  2:i,  1878. 

Leaf  small,  ovate  in  outUne,  trui 
and  slightly  docurrent  on  the  peti 
pointed  above;  margin  toothec 
al>()ve  the  base,  the  teeth  usually 
obtuse;  nervation  strong,  deepl 
consisting  (►f  a  mid  rib  wliich  is  1 


'  Losqueroux,  Lw,  Tho  Tertiary  flora:  I".  S.  Geol. 
vol.  7,  pi.  40,  figs.  5,  6,  18T8. 
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times  forked,  and  two  ribs  nearly  as  strong 
that  arise  in  the  deciUTent  base  of  the  blade 
and  that  in  many  specimens  pass  up  neariy  to 
the  top  of  the  leaf,  each  with  several  forking 
branches  on  the  outside,  all  craspedodrome, 
and  ending  in  the  marginal  teeth;  nervilles 
strong,  mainly  forked  or  broken. 

The  specimen  figured  is  nearly  perfect.  It 
is  3.5  centimeters  long  and  2  centimeters  wide. 
The  shape  is  regularly  ovate.  The  nervation 
is  very  strong  and  deeply  impressed  for  so 
small  a  leaf,  and  is  in  effect  three  ribbed  from 
the  base,  for  what  may  be  called  the  lowest 
pair  of  secondaries  is  of  about  the  same 
strength  as  the  midrib,  arises  with  it  at  the 
very  base  of  the  blade,  and  nms  for  some  dis- 
tance nearly  parallel  to  it;  each  of  these  sec- 
'ondaries  has  several  craspedodrome  branches. 

It  has  for  a  long  time  been  apparent  that  the 
httle  leaf  from  Point  of  Rocks,  Wyo.,  referred 
by  Lesquereux  to  Heer's  Viburnum  wh/mperiy 
could  not  belong  to  that  species;  and  I  have 
ventured  to  refer  it  to  the  present  species.  It 
is  of  about  the  same  size  as  the  present  speci- 
men and  is  like  it  in  its  slightly  decurrent  base, 
three-ribbod  nervation,  and  other  details. 
There  can  be  no  reasonable  doubt  as  to  its 
identity. 

Occurrence:  Vermejo formation  (Cretaceous); 
type,  dump  of  mine  at  Gray  Creek,  Colo.,  col- 
lected by  W.  T.  Lee  (5710).  Montana  group, 
Mesaverde  formation  (Cretaceous),  Rock 
Springs  coal  group,  Point  of  Rocks,  Wyo. 

Viburnum?  hesperium  Knowlton,  n.  sp. 

Plate  XLTX,  figure  2. 

Leaf  evidently  rather  thick,  ovate,  truncate 
at  base,  abruptly  narrowed  to  an  acuminate 
apex  above;  margin  apparently  sharply  ser- 
rate, at  least  above  (margin  obscurely  pre- 
served); midrib  thick,  perfectly  straight;  sec- 
ondaries about  six  pairs,  opposite,  lowest  pair 
arising  at  top  of  the  petiole,  each  with  four  or 
five  tertiary  branches  on  the  outside,  other 
secondaries  close,  parallel,  apparently  ending 
in  the  teeth ;  finer  nervation  obsolete. 

This  little  leaf,  which  is  broadly  ovate  with 
abruptly  truncate  base,  is  5.5  centimeters  long 
and  about  4.5  centimeters  wide.  As  it  is  pre- 
served on  very  coarse  grained  sandstone,  the 
details  of  exact  outline  and  nervation  are  to  be 
made  out  with  difficulty.  It  appears  to  be  en- 
tire along  the  base  and  serrate,  with  rather 


small,  sharp  teeth  above.  So  far  as  can  be 
made  out  the  secondaries  and  tertiaries  pass 
directly  to  the  margin.  The  whole  nervation 
is  very  regular  and  straight. 

Vibumurri  rotundifolium  Lesquereux,*  from 
the  Laramie  and  Denver  formations,  approaches 
the  species  in  some  respects  but  differs  from  it 
in  being  romided  and  obtuse  at  apex,  in  having 
coarser  marginal  teeth,  and  in  having  fewer 
curving  secondaries  and  tertiaries. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Canon  City  field,  Colo.,  1  mile  east  of  Rock- 
vale  (sec.  30,  T.  19  S.,  R.  69  W.),  at  base  of 
coal-bearing  rocks,  collected  by  W.  T.  Lee 
(5790). 

Viburnum  montanum  Knowlton. 

Plate  LII,  figure  2. 

Vibwmum  montanum  Knowlton,  U.  S.  Geol.  Survey  Bull. 
163,  p.  73,  pi.  19,  figs.  1,  2,  1900. 

In  the  reddish  fine-grained  sandstone  below 
the  rim  rock  at  Rockvale,  Colo.,  are  numerous 
leaves  that  are  referred  without  hesitation  to 
Viburnum  montanum.  As  pointed  out  in  the 
original  discussion,  this  species  has  consider- 
able resemblance  to  Viburnum  marginatum 
Le^quereux,^  especially  in  the  basal  portion, 
but  differs  from  it  in  shape,  being  narrower 
and  not  so  expanded  above.  These  specimens 
all  passed  through  Lesquereux's  hands  and 
were  identified  by  him  as  Viburnum  margi- 
natum, V.  ancepsy  and  V,  platanoideSy  but  there 
is  no  doubt  that  they  belong  to  F.  montanum. 

Occurrence:  Vermejo  formation  (Cretaceous); 
collected  by  W.  T.  Lee — Canon  City  field.  Coal 
Creek  (Rockvale),  Colo.,  1  mile  south  of  Rock- 
vale,  Colo.,  1910  (5788) ;  Canon  City  field  (sec.  18, 
T.  19  S.,  R.  69  W.)  (5779) ;  south  wall  of  Spring 
Canyon  in  Vermejo  Park,  N.  Mex.,  locality  124, 
at  top  of  Vermejo  formation  (5237)  near  Rock- 
vale, Colo.,  in  Canon  City  field  (sec.  25,  T.  19  S., 
R.  70  W.),  near  base  of  rim  rock  (5782). 

Viburnum?  problematicum  Knowlton. 

Plato  XLIX,  figure  9. 

Viburnum  f  problematicum  Knowlton,  Flora  of  the  Montana 
formation:  U.  S.  Geol.  Survey  Bull.  163,  p.  71, 
pi.  19,  fig.  4,  1900. 

In  the  collections  from  the  Canon  City  field 
I  find  several  leaves  that  are  apparently  the 
same  as  the  specimen  figured  as  the  type  of  this 

»  Lesqaereux,  Leo,  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr.  R^t., 
vol.  7,  pi.  38,  tig.  10, 1878. 
s  Idem,  p.  223,  pi.  38,  figs.  1,  4. 
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species  from  beds  believed  to  be  of  Montana 
age  at  C!oalville,  Utah,  but  it  is  doubtful  if  they 
are  the  same  as  the  single  leaf  of  Viburnum 
margiTuUum  Lesquereux,  which  I  referred  to 
V.  prohUinaticum  in  the  **  Flora  of  the  Montana 
formation."  The  latter  is  from  a  much  higher 
horizon  (Black  Buttes,  Wyo.)  and  has  a  mar- 
gin provided  with  more  numerous  and  much 
smaller  teeth. 

Occmrence:  Vermejo  formation  (Cretaceous) ; 
Canon  City  field,  Colo.,  1  mile  east  of  Rockvale 
(sec.  30,  T.  19  S.,  R.  69  W.)  at  base  of  coal- 
bearing  rocks,  collected  by  W.  T:  Lee  (5790). 
Beds  believed  to  be  of  Montana  age,  Coalville, 

Utah. 

Vibamum  simile  Knowlton,  n.  sp. 

Plate  XLIX,  figure  3. 

Leaf  coriaceous  in  textiu'c,  elliptical  in  out- 
line, abruptly  rounded  to  the  slightly  decur- 
rent  base;  margin  entire  for  lower  third,  thence 
provided  with  low  sharp  teeth;  midrib  strong, 
straight;  secondaries  about  eight  pairs,  oppo- 
site or  subopposite,  lowest  pair  arising  well 
above  the  base,  each  with  seven  or  eight  ter- 
tiary branches  on  the  outside,  these  campto- 
drome  or  subcraspedodrome ;  other  secondaries 
straight,  at  an  angle  of  about  45°,  occasionally 
forked,  ending  in  the  marginal  teeth ;  nervilles 
numerous,  prominent,  at  right  angles  to  the 
secondaries. 

.  The  example  figured,  which  is  the  most  per- 
fect one  observed,  is  about  7.5  centimeters  in 
length  and  3.5  centimeters  in  width.  It  is 
associated  with,  and  most  closely  related  to. 
Viburnum  montanum  Knowlton ;  in  fact,  it  may 
be  only  a  small  narrow  leaf  of  that  species. 
It  differs,  however,  in  being  smaller,  elliptical 
instead  of  ovate,  and  in  having  the  lowest,  pair 
of  secondaries  arising  above  the  base  of  the 
blade  instead  of  at  or  near  the  base.  It  is  also 
slightly  unequal-sided,  as  weU  as  decurrent  at 
base.  The  type  and  general  appearance  of  the 
nervation  is  very  much  the  same. 

Occurrence:  Vermejo  formation  (Cretaceous); 
Canon  City  field,  Rockvale,  Colo.,  Newberry 
collection,  probably  made  by  George  Hadden. 

Vibuniuin  rhamnifolium  Knowlton,  n.  sp. 

Plate  XLVII,  figure  5. 

Leaf  ovate-lanceolate,  broadest  just  below 
the  middle,  where  it  tapers  to  a  wedge-shaped 
base  below  and  to  an  acuminate  apex  above; 
margin  entire  below,  then  irregularly  sharply 


serrate  above;  nervation  pinnate;  the 
straight;  secondaries  about  nine  or  ter 
alternate,  at  an  acute  angle,  craspedc 
entering  the  slightly  larger  marginal 
nervilles  numerous,  very  strong,  mair 
broken,  and  at  right  angles  to  the  midi 

The  specimen  figured,  which  is  the  b( 
served  of  the  two  representing  this  spe 
about  6  centimeters  long  and  a  little 
centimeters  wide.  It  is  entire  for  perha 
fourth  the  length  of  the  blade,  thence  $ 
toothed,  the  teeth  entered  by  the  seco 
being  considerably  larger  than  the  other 
number  of  smaller  teeth  between  the  larg 
is  usually  three.  The  marked  appears 
the  leaf  is  due  to  the  numerous  proi 
mainly  simple  nervilles,  which  are  ai 
mately  at  right  angles  to  the  midrib. 

This  species  is  of  the  same  type  as  a  lei 
Rockvale  described  in  this  report  as  Vibi 
jyroblemdiicum  Knowlton,  but  differs  fro 
being  much  narrower  and  more  pointed  i 
and  in  having  more  numerous  secondar 
conspicuous  nervilles.  It  &lso  has  some 
blance  to  F.  simile,  described  from  Ro 
but  the  latter  is  larger  and  has  the  low 
of  secondaries  arising  above  the  base 
several  branches  on  the  outside.  The  t 
V.  simile  are  usually  without  the  intern 
smaller  ones  between  those  entered  by  t 
ondaries. 

Occurrence:  Vermejo  formation  (Oeta 
locality  124,  Vermejo  Park,  N.  Mex.,  in 
Canyon  2  feet  above  the  highest  coal  bed 
Vermejo  formation,  collected  by  W.  ' 
(5807). 

Yibninam  crassum  Knowlton,  n.  sp. 

Plate  LII,  figures  3,  4. 

Leaves  of  medium  size,  very  thick  and 
texture,  very  broadly  obovate  wedge-sht 
general  outline,  apparently  truncate  abo 
with  apparently  about  five  low,  broad, 
lobes ;  margin  of  long  wedge-shaped  baj 
fectly  entire,  but  margin  of  lobes  app« 
sparsely  toothed;  nervation  very  stronj 
sisting  of  a  thick  midrib  and  three  p 
secondaries,  the  lowest  pair  nearly  as  str 
the  midrib  and  arising  with  it  at  the  base 
blade;  upper  secondaries  alternate,  the 
forked;  basal  secondaries — or  ribs — wit 
eral  branches  on  the  outside ;  nervilles  i 
ous,  very  strong,  mainly  unbroken,  and  a 
angles  to  the  midrib  or  secondaries. 
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This  species  is  represented  by  several  exam- 
ples, none  of  which,  however,  is  well  preserved. 
In  one  of  the  specimens  here  figured  (fig.  4)  the 
basal  portion  is  well  preserved;  in  the  other 
(fig.  3)  the  base  is  only  partly  retained,  but  the 
upper  portion  is  better  shown.  The  leaf  ap- 
pears to  be  tnmcate  above,  with  several  low, 
rounded  obtuse  lobes,  but  the  nature  of  the 
matrix  makes  the  real  margin  uncertain.  The 
nervation  is  particularly  strong. 

This  species  is  of  the  type  of  certain  leaves  of 
Viburnum  montanum  Knowlton,*  at  least  as 
regards  the  nervation  of  the  basal  portion,  but 
it  differs  widely  from  these  in  shape  and  in  the 
apparent  configuration  of  the  upper  portion. 
Its  nervation  is  also  much  stronger. 

Viburnum  crassum  is  also  of  the  type  of  V, 
marginatum  Lesquereux  ^  (or  Platanus  mar- 
ginata  as  it  is  often  called),  but  it  is  a  much 
thicker  leaf  with  stronger  nervation  and  more- 
over appears  to  differ  essentially  in  the  out- 
hne  of  its  apical  portion. 

Occurrence:  Trinidad  sandstone  (Creta- 
ceous) ;  1  mile  soufh  of  Raton,  N.  Mex.,  col- 
lected by  W.  T.  Lee  (5145). 

Yibuniam  sp. 

Plate  XLIV,  figure  3. 

The  collections  from  Coal  Creek  (Rockvale) 
include  a  small  fragmentary  leaf  that  was 
described  in  manuscript  by  Lesquereux  as  a 
new  species  of  Ficus,  but  that  appears  to  me  to 
belong  rather  to  Viburnum,  The  only  speci- 
men noted  (fig.  3)  is  too  fragmentary  for  proper 
characterization,  though  it  is  perhaps  sufficient 
to  permit  its  recognition  should  it  again  be 
found.  It  was  apparently  broadly  ovate  in 
general  shape,  about  4  centimeters  long  and 
about  3  centimeters  wide,  and  was  possibly 
slightly  unequal-sided.  The  margin  is  irregu- 
larly dentate,  the  teeth  Ixung  scattered  and  low. 
The  midrib  is  unusually  strong,  with  about  six 
pairs  of  secondaries,  which  arise  at  an  acute 
angle  and  either  enter  the  teeth  or  supply  a 
series  of  bows  wliich  in  turn  supply  the  teeth. 
The  nervilles,  which  are  very  prominent  and 
strong,  are  very  oblique  to  the  secondaries. 

Occurrence:  Verrae  jo  formation  (Cretaceous) ; 
Canon  City  field,  Coal  Cree^  (Rockvale),  Colo., 

I  Knowlton,  F.  H.,  Flora  of  the  Montana  formation:  U.  8.  Geol.  Sur- 
vey BuU.  163,  pi.  19,  figs.  1,  2,  1900. 

«  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7,  pi.  38,  figs.  1,  4,  1878. 


collected  by  George  Hadden  (U.  S.  Nat.  Mus. 
51316). 

mCESTAE  SEDIS. 

Palaeoaster  inquirenda,  n.  gen.  and  sp. 

Plate  XLIX,  figures  5,  6. 

Organism  consisting  of  a  whorl  or  rosette  of 
eight  to  twelve  thick,  sessile,  linear-lanceolate, 
acuminata,  erect,  one-nerved  *4eaves/'  but 
without  trace  of  internal  organization. 

This  organism,  whatever  its  exact  natute 
may  be,  is  very  pecuhar  and  is  highly  charac- 
teristic of  the  beds  in  which  it  occurs.  It  con- 
sists, as  stated  in  the  diagnosis,  of  eight  to 
twelve,  usually  about  nine,  narrow,  erect 
^'leaves''  or  members  3.5  to  about  4.5  centi- 
meters long  and  6  to  10  millimeters  wide  in  the 
middle.  They  are  slightly  narrowed  to  the 
sessile  base  where  they  arc  in  contact,  though 
evidently  perfectly  free  from  each  other. 
Above  they  are  narrowed  to  a  very  slender 
acuminate  point,  usually  somewhat  incurved. 
The  segments  are  thick  and  leathery,  if  not 
indeed  woody,  and  are  traversed  dorsally  by  a 
deep  median  furrow.  These  specimens,  pre- 
served in  rather  coarse  sandstone,  show  very 
little  trace  of  structure  other  than  the  median 
rib;  but  specimens  preserved  in  finer-grained 
material,  where  the  substance  has  bpen  trans- 
formed into  a  thick  coaly  layer,  show  a  series  of 
fine,  approximately  parallel  lines  at  right  angles 
to  the  median  rib  and  extending  between  it  and 
the  margin.  Faint  traces  of  this  transverse 
marking  may  be  noted,  or  perhaps  imagined, 
even  in  the  sandstone  specimens,  though  it  is 
doubtful  if  they  would  have  been  seen  if  atten- 
tion had  not  been  especially  called  to  them  by 
their  observed  presence  in  the  coaly  specimens. 

It  seems  probable  that  these  organisms  were 
terminal,  for  there  is  some  evidence  of  the 
presence  of  a  scar  or  point  of  attachment  at  the 
base,  but  no  axis  on  which  they  might  have 
stood  has  ever  been  noted.  They  are  cer- 
tainly not  leaves  whorled  around  a  stem,  for 
had  they  been  some  trace  of  the  stem  should 
have  been  detected  in  some  of  the  numerous 
specimens.  It  appears  much  more  likely  that 
they  were  capsular  in  nature,  for  if  the  now- 
spreading  segments  were  brought  together  they 
would  apparently  make  a  tightly  closed  "  cap- 
sule.'^  The  incurved  tips  of  the  segments  lend 
support  to  this  view,  though  no  evidence  of 
seeds  nor  of  any  interior  structure  has  been 
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observed,  if  the  segments  were  uniform  in 
number  in  all  specimens  the  argument  for  a 
capsule  would  be  strengthened;  though  lack  of 
uniformity  in  this  respect  is  not,  of  course,  a 
fatal  objection,  as  many  plants  have  capsules 
with  a  varying  number  of  segments. 

These  organisnLs  were  assuredly  very  rigid  and 
resistant  when  entombed,  for  most  of  them  have 
not  been  at  all  distorted.  I  have  seen  a  single 
piece  of  matrix  less  than  30  centimeters  long 
and  perhaps  15  centimeters  in  the  other  dimen- 
sions, which  contained  four  of  these  organisms, 
all  lying  in  different  planes  and  none  showing 
much  if  any  distortion.  As  the  matrix  is  a 
fairly  coarse  grained  sandstone  this  retention 
of  form  could  not  have  occuiTed  had  it  been 
other  than  leathery  or  perhaps  woody.  A  few 
are  somewhat  flattened,  but  this  is  exceptional. 
Still  more  rarely  isolated  and  detached  seg- 
ments are  found. 

This  organism  has  been  shown  to  a  number 
of  botanists,  in  the  hope  that  its  affinities 
might  be  recognized,  but  the  results  are  not 
very  satisfactory.  To  one  it  suggested  the 
flowers  of  Calycanthvs,  and  to  another  the 
fruit  of  Liriodendron  or  the  flowers  of  Magnolia, 
but  none  of  these  suggestions  can  be  seriously 
entertained.  It  does,  indeed,  bear  consider- 
able resemblance  to  certain  flowers  of  William- 
soniaf  but  this  can  hardly  be  considered  more 
than  an  accidental  resemblance,  especially  as 
no  trace  of  essential  organs  has  been  found. 

This  form  has  been  supposed  for  a  long  time 
to  be  identical  with  Eriocaulon?  porosum  Les- 
quereux,^  which  was  described  originally  from 
the  Arapahoe  or  the  Denver  formation  on  Sand 
Creek,  in  or  near  Denver,  Colo.,  and  was  later 
obtained  from  the  Laramie  formation  of  the 
Denver  Basin,  the  Book  Cliff  coal  field,  Utah, 
and  near  Lay  post  office,  in  Routt  County* 
Colo.,  the  two  latter  localities  being  somewhat 
in  question. 

A  careful  comparison  of  all  the  specimens 
involved  leads  me  to  the  conclusion  that  Los- 
quereux's  spechnen  and  possibly  some  of  the 
others  are  not  conspecific  and  possibly  not  con- 
generic. The  type  of  Eriocaulon  f  porosuni 
(U.  S.  Nat.  Mus.  137)  is  preserved  in  a  piece 
of  soft,  fine-grained  clay  and  has  been  fairly 
well  described  and  figured  by  Lesquereux.  It 
is  partly  wrapped  around  the  end  of  the  piece 

»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  OeoL  Sun-ey  Terr.  Kept., 
vol.  7,  p.  I0r>,  pi.  irt,  flgs.  2, 2a,  1878. 


of  matrix,  and  its  several  leaves  do  not 
the  same  plane.  It  appears,  however,  a 
quereux  supposed,  that  they  were  dispo 
a  circle,  possibly  around  a  stem,  thou 
trace  of  a  supporting  axis  is  preserved, 
nervation  of  the  segments  or  leaves  L 
specimen  is  uncertain.  There  is  clearly  j 
strong  central  rib  or  midrib  and  appa 
about  two  thinner  ribs  or  veins  on  eacl 
but  the  remainder  is  obscure  and  more  < 
in  doubt.  The  leaves  were  evidently 
thick  and  leathery,  and  the  more  or  less 
kled  surface  shows  numerous  obvious 
checks,  so  that  any  actual  nervation  is  d 
to  make  out. 

Among  the  several  lots  of  specimens 
the  Raton  Mesa  region  there  is  one  fro 
McAnily  mine  near  Walsenburg  that  C( 
of  a  number  of  detached  leaves  or  segi 
Only  three  or  four  leaves  are  preserved  c 
piece  of  matrix,  but  these  seem  to  arise  i 
central  point,  as  in  the  other  examples  i 
in  the  type  of  Eriocaulon?  porosum, 
leaves  in  these  Walsenburg  specimens  are 
longer  and  narrower  than  common,  an( 
appear,  if  anything,  to  have  been  thicl" 
shown  by  the  layer  of  carbonaceous  mat 
maining  in  favored  places.  The  midrib  i 
deeply  impressed — channeled,  in  fact — i 
right  angles  to  it  there  are  minute  parallc 
connecting  with  the  margin.  It  wiU  b 
that  these  specimens  appear  to  approacl 
closely  to  Eriocavlont  porosum,  and  it  n 
necessary  ultimately  to  separate  these 
mens  (from  Walsenburg,  Colo.)  and  to 
them  directly  with  Lesquereux's  species. 

The  type  specimens  of  PalaeoaMer  inqu 
are  contained  in  a  large  collection  from 
Gap  in  the  Canon  City  field  and  are  in  a 
tion  with  an  especially  fine  lot  of  lea 
Ficus  leei.  They  have  been  fully  des 
and  illustrated  above. 

Occurrence:  Vemiejo  formation  ( 
ceous);  types,  AlkaU  Gap,  Canon  Cit; 
field,  Colo.,  35  feet  above  the  highest 
menites  zone,  collected  by  W.  T.  Lee  ( 
dump  of  McAnily  mine,  near  Walse 
Colo.,  collected  by  W.  T.  Lee  (5676). 
formation  (Tertiary);  Bowen  mine,  L 
109,  Colorado,  a  few  feet  above  the  basi 
glomerate,  collected  by  W.  T.  Lee  ( 
I  locality  30,  southwest  of  Koehler,  N.  M 
!  slide  rock. 
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Seedling  plant? 

Plate  XLIX,  figure  4. 

In  the  material  from  Cuatro,  Colo.,  in  beds 
belonging  to  the  lower  coal  group,  there  was 
found  the  specimen  here  figured,  which  seems 
to  belong  to  a  seedling  plant.  It  has  a  rela- 
tively long  thick  stem,  or  caulicle,  as  it  should 
be  called,  if  this  interpretation  be  the  correct 
one,  bearing  at  the  top  two  opposite,  thick 
leaves  or  cotyledons,  between  which  and  con- 
tinuing the  axis  of  growth  is  what  is  in  the  po- 
sition of,  and  apparently  represents,  the  plu- 
mule. The  *^ cotyledons^'  are  provided  with 
short  petioles,  which  are  strictly  opposite  in 
insertion,  and  each  blade  has  a  midrib,  the 
left  one  with  a  faint  indication  of  several 
secondary  branches.  The  stem  (caulicle)  is 
the  thickest  below  and  appears  to  spUt  at 
the  point  where  the  ''cotyledons"  arise,  the 
continuing  axis  bemg  much  reduced  in  size. 

No  attempt  has  been  made  to  seek  possible 
aflBjiities  for  this  plant,  for  if  it  really  repre- 
sents a  seedhng  it  is  of  the  same  general  ap- 
pearance as  very  many  dicotyledonous  types 
and  could  hardly  be  identified  with  any  degree 
of  certainty. 

Occurrence:  Vermejo  formation  (Cretaceous) ; 
Tercio  Park,  at  Cuatro,  Colo.,  in  the  Vermejo 
formation,  collected  by  W.  T.  Lee  (5805). 

Phyllltes  aurantiacas  Knowlton,  n.  sp. 

Plate  L,  figure  5. 

Leaf  small,  4  centimeters  long,  2.5  centime- 
ters broad,  coriaceous  in  texture,  ovate  or  ovate- 
eUiptical,  abruptly  rounded  to  the  slightly 
wedge-shaped  base,  obtuse  at  apex;  margin 
undulate;  petiole  short,  strong;  nervation  ob- 
scure, consisting  of  a  thin  midrib  and  presum- 
ably several  pairs  of  very  thin  secondaries, 
which,  however,  are  so  obscured  by  the  thick 
substance  of  the  leaf  as  to  be  almost  obsolete. 

This  httle  leaf  is  so  obscure  as  regards  the 
nervation  that  it  is  impossible  to  compare  it 
satisfactorily  with  described  species. 

Occurrence:  Vermejo  formation  (Creta- 
ceous); 3  mUes  south  of  Walsenburg,  Colo.,  50 
feet  below  the  top  of  Vermejo  formation,  col- 
lected by  J.  H.  Gardner  (for  G.  B.  Richardson) 
(5131),  on  the  same  stone  with  Widdringtoniaf 
complanata. 


Phyllites  leei  Knowlton,  n.  dp. 

Plate  XLIX,  figure  8. 

Leaf  of  small  size,  ovate,  abruptly  wedge- 
shaped  at  base,  obtuse  at  apex;  margin  entire 
below,  slightly  cimeate  toothed  above,  the 
teeth  very  low,  obtuse;  petiole  relatively 
strong;  midrib  relatively  strong  below,  much 
thinner  above;  secondaries  three  pairs,  the 
lowest  arising  at  the  base  of  the  blade,  produc- 
ing a  three-ribbed  appearance,  running  up  for 
a  long  distance;  nervilles  strong,  mainly  im- 
broken. 

This  little  leaf,  which  is  3.5  centimeters  long 
and  2.25  centimeters  wide,  is  regularly  ovate 
in  shape,  with  a  very  abruptly  wedge-shaped 
base  and  obtuse  apex;  the  margin  is  very  ob- 
sciu'ely  toothed  from  a  point  well  above  the 
base. 

Occurrence:  Vermejo  formation  (Cretaceous); 
dump  of  McAnDy  mine,  Walsenbiu'g,  Colo.,  col- 
lected by  W.  T.  Lee  (5676). 

Phyllltes  nanus  Knowlton,  n.  sp. 

Plate  L,  figures  3,  4. 

Leaf  smaU,  ovate,  broadest  at  about  the  mid- 
dle, thence  about  equally  tapered  tQ  both  base 
and  apex;  margin  entire;  petiole  short  (6 
millimeters) ;  midrib  relatively  strong,  straight; 
secondaries  four  pairs,  the  lowest  pair  arising 
at  the  base  of  the  blade,  producing  a  pseudo- 
trinerved  appearance,  others  remote,  suboppo- 
site,  at  an  angle  of  45°,  slightly  curved  up- 
ward, all  apparently  craspododrome,  or  effaced 
just  below  the  margin;  finer  nervation  not 
preserved. 

Occurrence:  Vermejo  formation  (Cretaceous); 
collected  by  W.  T.  Lee — locahty  125,  west  of 
Vermejo  Park,  N.  Mex.,  near  middle  of  the 
Vermejo  formation  (5809);  locahty  129,  San 
Francisco  Pass,  N.  Mex.,  at  base  of  Vermejo 
formation  (5806),  with  TeUina  scituUi  Meek 
and  Haydon  and  Panopaea?  sp. 

Phyllltes  populoides  Knowlton,  n.  sp. 

• 

Plate  L,  figures  1,  2. 

Leaves  firm  in  texture,  orbicular  or  orbicular- 
ovate,  rounded  and  obtuse  above,  truncate  or 
sUghtly  heart-shaped  at  base;  margin  entire  or 
very  slightly  undulate ;  nervation  rather  Ught, 
three  ribbed   from   the   extreme   base   of  the 
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blade,  the  midrib  being  perfectly  straight  and 
the  lateral  ribs  starting  at  an  angle  of  about 
45^  and  running  thence  nearly  straight  to  the 
margin,  each  with  three  or  four  secondary 
branches  on  the  outside,  the  midrib  with  three 
or  four  subopposite  secondaries;  all  secondaries 
and  their  branches  apparently  craspedodrome; 
nervilles  numerous,  mainly  unbroken. 

This  species  is  represented  by  three  or  four 
specimens,  none  of  which,  however,  is  very  well 
preserved.  The  smaller  of  the  two  specimens 
figured  was  about  6  centimeters  in  length  and 
7  centimeters  in  width;  the  larger  is  of  \m- 
known  length  and  about  8  centimeters  in  width. 

Occiurence :  Vermejo  formation  (Cretaceous) ; 
Tercio,  Colo.,  south  wall  of  gap  near  top  of 
Vermejo  formation,  collected  by  W.  T.  Lee 
(5804). 

Phyllites  protophylloides  Knowltoii»  n.  sp. 

Plate  L,  figure  6. 

Leaf  firm  in  texture,  outline  unknown  but 
apparently  narrowly  ovate  or  ovate-lanceolate, 
deeply  heart-shaped  or  almost  perfohate  at 
base,  the  basal  lobes  broadly  rounded ;  margin 
entire  so  far  as  known ;  midrib  thick  and  strong; 
secondary  thin,  irregular,  at  a  low  angle,  about 
three  pairs  approximate  at  the  base,  one  pair 
at  right  angles,  the  lower  pair  supplying  the 
basal  lobes;  all  secondaries  camptodrome  form- 
ing broad  loops  far  within  the  margin ;  nervilles 
strong,  mainly  broken. 

This  species  is  represented  by  three  or  more 
specimens,  but  none  of  thom  shows  more  than 
what  is  probably  the  basal  third  of  the  blade; 
hence  the  length  can  not  be  satisfactorily 
estimated;  the  width  is  about  3  centimeters. 
The  characters  derived  from  the  basal  portion — 
including  outline  and  nervation — are  so  pecu- 
liar in  this  species  that  it  wU  probably  not  be 
difficult  to  recognize  in  futiu'e. 

I  have  been  constrained  to  give  these  leaves 
the  nondescript  name  PhyUite^  because  of  the 
uncertainty,  with  the  fragments  at  hand,  in 
fixing  the  genus.  In  many  respects  they  are 
strongly  suggestive  of  certain  of  the  Dakota 
sandstone  species  of  ProtophyUum,  such  for 
example  as  P.  praestans  Lcsquereux,*  though  of 
course  in  size  and  character  of  margin  they  are 
very  different.  In  nervation  and  the  basal 
arrangement  of  the  secondaries  they  are  not 

*  Lc8quereux,  I<eo,  The  flora  of  the  Dakota  group:  U.  S.  Oeol.  Survey 
Mon.  17,  pi.  41,  fig.  2, 1872. 


unlike  other  species  of  ProtophyUum,  but 
the  circimistances  it  seems  best  to  pul 
under  PhyUites  \mti\  the  full  chanacters 
ascertained. 

Occurrence :  Vermejo  formation  (Creta< 
Canon  City  field,  Ro<*.kvale,  Colo.,  Ne^ 
collection,  probably  made  by  George  H 

Phyllites  rosaefoUus  Knowlton,  n.  sp. 

Plate  XLIX,  figure  7. 

Leaf  very  small,  obovate,  broadest  well 
the  middle,  whence  it  is  rounded  to  th( 
apex  and  downward  to  the  wedge-shapec 
margin  entire;  midrib  very  slender,  st 
secondaries  about  six  pairs,  opposite,  ver 
der,  at  a  low  angle,  apparently  camptc 
but  very  obscure. 

This  little  leaf  is  regularly  obovate  in 
being  about  3.5  centimeters  in  length  and 
less  than  2.5  centimeters  in  width.  The 
tion  is  almost  effaced  and  its  full  deta 
made  out  with  difficulty;  apparently  i 
sists  of  a  slender,  straight  midrib  and  ab< 
pairs  of  opposite  or  subopposite  thi 
parently  camptodrome  secondaries. 

Occurrence :  Vermejo  formation  (Creta( 
locality  125,  west  of  Vermejo  Park,  N. 
near  middle  of  Vermejo  formation,  coUec 
W.  T.  Lee  (5809). 

PhylUtes  sapindus  Knowlton,  n.  sp. 

Plate  L,  figure  7. 

Leaf  evidently  very  thick  in  texturCj 
tical  or  elliptical-lanceolate  in  general  o 
strongly  unequal  sided  at  base,  being  ab 
roimded  on  one  side  and  long  and  wedge-s 
on  the  other;  apex  destroyed;  margin  pe 
entire;  petiole  strong,  2  centimeters  long 
rib  strong,  especially  below;  secondaries  s 
about  five  or  six  pairs,  very  irregular,  < 
ing  at  various  angles,  those  on  the  broad 
the  leaf  ranging  from  10°  to  45°,  those  i 
narrow  side  at  about  45°,  all  strongly  ca 
drome,  each  joining  the  one  next  above 
ally  with  lai^  loops;  finer  nervation  no 
served. 

This  is  a  pecuhar  leaf.  It  lacks  on 
apical  portion,  a  portion  evidently  not  gi 
extent,  and  was  probably  about  10  centii 
in  length  when  complete  and  is  3.5 
meters  in  maximum  width.  It  may  r 
be  recognized  by  its  markedly  unequal 
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blade  with  strong  petiole  and  midrib  and  strong 
camptodromo-arched  secondaries. 

I  do  not  recognize  the  affinities  of  the  leaf. 
Diospyros  liaguei  Knowlton,^  from  breccias  of 
Fort  Union  age  in  the  Yellowstone  National 
Park,  somewhat  resembles  it  but  differs  in 
being  smaller  (only  7  centimeters  long  and 
3.3  centimeters  wide),  more  nearly  elliptical  in 
outline,  and  not  at  all  miequal  at  base.  The 
thick  petiole  and  midrib  and  irregular  method 
of  branching  and  looping  of  the  secondaries 
is  very  similar  in  both  forms,  which  may  be 
generically  but  obviously  are  not  specifically 
related.  If  this  is  the  habitual  form  of  the 
leaf — and  there  is  no  evidence  that  it  is  dis- 
torted— it  should  prove  a  good  horizon  marker. 

In  some  ways  the  leaf  also  suggests  Sapindus; 
but  if  it  belongs  to  that  genu3  it  should,  of 
course,  be  considered  a  leaflet. 

Occurrence :  Vermejo  formation  (Cretaceous)  ; 
locality  125,  west  of  Vermejo  Park,  N.  Mex., 
near  the  middle  of  the  Vermejo  formation  col- 
lected by  W.  T.  Lee  (5809). 

Phyllites  vermejoensis  Knowlton,  n.  sp. 

Plate  LII,  figure  1. 

Leaf  membranaceous  in  texture;  orbicular  in 
outline,  about  equaUy  rounded  to  both  base 
and  apex;  margin  entire;  midrib  relatively 
strong,  straight;  secondaries  four  pairs,  alter- 
nate, middle  ones  forked,  all  camptodrome, 
finer  nervation  obsolete. 

This  little  leaf,  the  only  one  of  the  kind 
observed,  is  nearly  perfect.  It  is  a  little  over 
4  centimeters  in  length  and  a  little  over  3.5 
centimeters  in  width. 

Occurrence :  Vermejo  formation  (Cretaceous) ; 
locahty  124,  Spring  Canyon,  Vermejo  Park, 
N.  Mex.,  at  the  top  of  the  Vermejo  formation, 
collected  by  W.  T.  Lee  (5240). 

Phjilites  walsenburgensis  Knowlton,  n.  sp. 

Plate  LL 

Leaf  large,  ovate-elliptical,  truncate  at  base 
(apex  and  margin  unknown),  petiole  long, 
slender;  nervation  strong,  pinnate,  consisting 
of  a  relatively  thick  midrib  and  about  8  or  9 
pairs  of  secondaries,  the  three  lowest  pairs 
arising  very  close  together  near  the  base  of  the 

1  KnowItOQ,  F.  H.,  Fossil  flora  [YeUowstoae  ParkJ:  U.  S.  Oeol.  Survey 
Mqq.  32,  pt.  2,  pi.  C,  fig.  3, 1899. 


blade,  whence  they  radiate  outward,  the  middle 
and  upper  pair  of  the  three  with  several  ter- 
tiary branches  on  the  outside;  upper  seconda- 
ries parallel,  opposite,  at  an  angle  of  about  45°, 
straight,  apparently  craspedodrome. 

This  large  leaf  is  imf ortunately  so  poorly  pre- 
served that  it  can  not  be  satisfactorily  deter- 
mined and  is  presented  simply  to  call  attention 
to  the  fact  that  a  large,  long-petioled  leaf  is 
present  at  this  horizon.  It  was  probably  16 
centimeters  or  more  in  length  and  12  centi- 
meters or  more  in  width.  The  petiole  is  pre- 
served for  3.5  centimeters. 

Occurrence:  Vermejo  formation  (Cretaceous); 
dump  of  McAnily  mine,  Walsenbui^,  Colo., 
collected  by  W.  T.  Leo  (5676). 

Phyllites  castalioldes  ELnowlton,  n.  sp. 

Leaf  large,  evidently  membranaceous  in  tex- 
ture, outUne  unknowTi,  apparently  broadly 
ovate,  very  deeply  heart-shaped  at  base,  the 
lobes  possibly  overlapping;  leaf  nine  ribbed, 
the  rite  or  veins  all  arising  at  the  same  point 
and  about  equally  dividing  the  blade  into  the 
several  areas;  midrib  and  next  pair  strongest, 
the  former  with  several  pairs  of  strong,  alter- 
nate, remote  secondaries;  second  pair  about 
at  right  angles  to  the  midrib,  the  other  pairs 
successively  smaller,  supplying  the  basal  lobes; 
finer  nervation  obsolete. 

It  is  unfortunate  that  this  leaf  is  not  suffi- 
ciently well  preserved  to  permit  a  more  satis- 
factory diagnosis,  for  it  is  the  only  one  observed 
and  was  evidently  of  large  size  and  striking 
appearance.  The  only  portion  of  the  margin 
retained  is  a  small  part  of  the  basal  lobe,  where 
it  appears  to  be  entire.  There  is  some  evidence 
to  show  that  the  remainder  of  the  blade  above 
the  basal  portion  was  deeply  lobed,  but  the 
preservation  is  so  poor  that  this  feature  is 
uncertain.  The  width  of  the  blade  at  the  base 
exceeded  12  centimeters,  but  it  is  quite  impos- 
sible to  form  an  accurate  idea  as  to  the  total 
length. 

The  affinitv  of  this  leaf  is  of  course  uncer- 
tain,  as  it  is  so  poorly  preserved  that  important 
characters  can  not  be  made  out.  At  first 
sight  the  numerous  ribs  and  deeply  lobed  base 
suggest  Cdstalia,  but  critical  features  that 
woidd  prove  this  reference  are  obscure-  It  is 
also  very  suggestive  of  certain  species  of  FicuSy 
for  example,  such  as  F.  speciosissima  Ward, 
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and  othor  deeply  heart-shaped  leaves,  but  the 
number  and  disposition  of  the  ribs  make  this 
reference  questionable.  It  has  some  resem- 
blance to  the  genus  Menispermites  but  hardly 
sufficient  to  warrant  placing  it  under  this 
heading.  On  the  whole  it  seems  best  to  put  it 
imder  PhyUites  until  better  material  can  be 
obtamcd.  It  is  evidently  easily  recognizable 
and  so  should  furnish  a  valuable  stratigraphic 
marker. 

Occurrence :  Vcrmejo  formation  (Crotaceoas) ; 
Canon  City  field,  Rockvale,  Colo.,  Newberry 
collection,  probably  made  by  George  Hf.dden. 

PhyUites  ratonensis  Knowlton,  n.  sp. 

Plate  LIII,  figures  1,  2. 

Leaves  thick  in  texture,  obovate  or  slightly 
obovate-elUptical  in  outline,  obtusely  wedge- 
shaped  at  base,  abruptly  rounded  above  to  a 
low,   obtuse  pomt;  margin  perfectly   entire; 


petiole  long  (5  centimeters),  thick,  and  str 
midrib  very  strong,  somewhat  flexuose;  sec 
ary  nervation  somewhat  irregular,  in  8 
specimens  with  three  or  four  pairs,  the  lo 
pair  arising  with  the  midrib  at  the  top  of 
petiole,  in  other  specimens  strongly  irreg 
and  alternate;  upper  secondaries  mainly  a 
nate,  apparently  camptodrome;  lower  sec 
aries  with  several  branches  on  the  outside. 

This  species  is  represented  by  several  s] 
mens,  not  all,  however,  being  very  well 
served.  The  best  (fig.  1)  has  the  pc 
preserved  for  2.5  centimeters.  Its  blad 
8.5  centimeters  long  and  about  5  centime 
wide.  The  other  figured  specimen  is  la] 
having  a  blade  about  10  centimeters  long 
nearly  6  centimeters  wide  and  a  petiole  : 
5  centimeters  long. 

OcciUTence:  Trinidad  sandstone  (Crct 
ous) ;  1  mile  south  of  Raton,  N.  Mex.,  coUe 
by  W.  T.  Lee  (5145). 


Chapter  3— FLORA  OF  THE  RATON  FORMATION. 


PTESIDOPHTTA. 

Order  I1IJCAI.SS. 

Family  POLTPODUCSAE. 

DfyopleriBT  dadophleboideH  Knowlton,  n.  sp. 

Plate  I.IV,  figure  1. 

Outline  of  frond  unknown,'  pinnae  linear, 
slender,  cut  nearly  to  the  rachis  into  numerous 
small,  confluent,  oblong,  or  ovate-lanceolate, 
obtuse,  or  somewhat  acute  pinniUes ;  midrein 
of  pinnules  strong,  straight;  nervation  obscure, 
apparently  consisting  of  several  pairs  of  thin 
forking  branches. 

This  species  is  represented  by  several  frag- 
mentary pinnae,  the  best  preserved  of  which 
is  figured.  ^Vs  this  specimen  is  about  7  centi- 
meters in  length  and  1.5  centimeters  in  width, 
and  as,  though  both  ends  are  broken,  it  shows 
little  or  no  diminution  in  width,  it  is  probable 
that  it  was  not  much  if  any  under  10  centi- 
meters in  length  when  perfect.  The  pinnules 
do  not  seem  to  be  the  same  shape  on  the  two 
sides  of  the  rachis,  though  this  appearance 
may  be  due  in  part  to  distortion.  On  the 
one  side  they  are  short,  oblong,  obtuse  and 
shghtly  cyathiform,  and  on  the  other  side  they 
are  lanceolate  and  very  acute  with  no  upward 
turn  at  the  tips.  The  nervation  with  the 
exception  of  the  rather  thick  midrib  is  obscure 
and  difiicult  of  discernment;  it  appears  to  be 
thin  and  once  forking. 

Occurrence:  Raton  formation  (Tertiary); 
Tercio,  Colo,,  about  200  feet  above  the  top  of 
the  basal  conglomerate  of  the  Raton  formation, 
collected  by  W.  T.  Lee  (5803)  on  same  stone 
with  Oreodoxitee  pUcahi^. 

DryopleriflT  Bp. 

In  one  of  the  small  collections  from  the 
vicinity  of  the  Yankee  mine,  near  Raton,  there 
are  several  fragments  of  a  small  fern  that  are 
referred  provisionally  to  the  genus  Dryo-ptens. 
The  pinnae  are  lanceolate,  more  than  6  centi- 
meters long  and  2  centimetors  wide  at  base, 
cut  nearly  to  the  rachis  into  numerous,  proxi- 
mate, scythe-shaped,  acute  pinnules,  in  which 
only    a    strong    central    nerve    is    preserved. 


These  fragments  are  too  indistinct  to  w  arran 
figuring. 

Occurrence:  Raton  formation  (Tertiary), 
mine  No,  5,  locality  85,  Yankee,  N.  Mex.,  col- 
lcct«dbyW.  T.Lee  (5137). 

Pl^is  eroes  Lesqiiereiix. 

This  is  one  of  the  species  supposed  to  occur 
in  both  Raton  and  Vermcjo  formations.  (See 
p.  244.) 

Occurrence:  Raton  formation?  (Tertiary), 
type.  Fishers  Peak,  Raton  Mountains,  Colo., 
collected  by  F.  V.  Ilnyden,  1867. 

Pterls  mseellii  NewbeiT7. 

The  status  of  this  spiTies  is  not  settled.  Its 
type  locality  is  Vermejo  Canyon,  N,  Mex,,  in 
beds  now  thought  probably  to  belong  to  the 
Vermejo  formation.  It  was  not  found  in  any 
of  the  recent  collections,  in  either  the  Raton 
Mesa  or  Canon  City  fields,  though  Newberry ' 
states  that  he  has  had  it  from  Walsenburg, 
Florence,  and  Golden.  As  the  exact  locality 
at  Walsenburg  is  not  knowm  it  might  have  been 
in  either  the  Vermejo  or  Raton  formations. 
The  Florence  locality,  if  correctly  stated, 
should  be  in  the  Vermejo  formation.  The 
Golden  locality  might  be  in  either  the  Laramie 
or  the  Denver  formation. 

The  only  time  I  have  scon  this  species  was 
in  a  collection  made  by  Leo,  4  miles  southeast 
of  Palisades,  Colo.,  in  beds  belonging  to  what 
has  been  designated  the  Paonia  shale  member 
of  the  Mesaverde  formation,  which  in  the 
writer's  opinion  corresponds  approximately  to 
the  Raton  formation,  Iniing  above  an  uncon- 
formity in  that  region. 

Occurrence :  Raton  formation  ?  (Tertiary) 
and  Vermejo  foimalion?  (Cretaceous). 

Pteris  linearis  Knowlton,  n.  sp. 
Plate  LIV,  (igtireS. 

Outline  of  frond  unknown,  at  least  once 
pinnate ;  main  ( ?)  rachis  strong,  ridged ;  pinnae 
alternate,  sessile,  linear  in  shape,  slightly  nar- 
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rowed  at  base,  entire  margined,  apex  prob- 
ably abruptly  acuminate ;  midvein  exceedingly 
strong,  strongly  three  grooved;  veins  regular, 
nearly  at  right  angles  to  the  midvein,  appar- 
ently once  forked  at  or  just  above  the  midvein. 

This  species  is  represented  by  haK  a  dozen 
or  more  specimens,  but  unfortunately  all  are  so 
fragmentary — being  for  the  most  part  only 
fragments  of  pinnae — that  it  is  impossible  to 
form  an  adequate  idea  of  the  perfect  frond. 
The  specimen  figured  is  in  some  respects  the 
best,  for  it  sho^Ts  portions  of  three  pinnae  ap- 
proximately in  place,  one  being  still  attached 
to  the  rachis.  The  pinnae  are  narrowly  linear 
in  shape,  being  only  slightly  narrowed  to  the 
sessUe  base.  The  length  of  the  pinnae  was  at 
least  9  or  10  centimeters,  and  the  width  of  the 
frond  must  have  been  about  20  centimeters 
(if  simply  once  pinnate) ;  the  width  is  11  or  12 
millimeters.  No  specimen  has  the  apex  pre- 
served, but  as  the  lai^est  shows  no  diminution 
in  width  it  is  to  be  presumed  that  it  was  rather 
abruptly  acuminate.  The  nervation  is  not 
w^ell  preserved,  but  so  far  as  can  be  made  out 
the  veins  fork  once  at  or  near  the  midvein; 
they  emerge  nearly  at  a  right  angle  with  the 
midvein  and  run  straight  to  the  margin. 

Occurrence:  Raton  formation  (Tertiary); 
floor  of  Fishers  Peak  mine.  Fishers  Peak,  3 
miles  southeast  of  Trinidad,  Colo.,  collected  by 
G.  B.  Richardson's  party  (5099). 

Asplenium?  primero  Knowlton,  n.  sp. 

Plate  LIV,  figure  4. 

Frond  broadly  lanceolate  in  general  outline, 
twice  pinnatified;  pinnae  alternate ,.  approxi- 
mate, the  lower  ones  lanceolate,  th6  middle  and 
upper  ones  linear,  all  decurrent  on  the  rachis; 
lower  pinnae  deeply  cut  into  numerous  acute 
teeth,  these  becoming  less  and  less  marked 
until  in  the  upper  part  they  are  merely  slight 
indentations  or  at  the  extreme  tip  are  wholly 
absent;  nervation  relatively  simple,  consist- 
ing of  a  strong  midrib  or  secondary  rachis  in  the 
pinnae,  fiom  wliich  arise  secondary  branches 
passing  to  the  tips  of  the  segments  or  teeth, 
each  of  these  again  with'from  two  to  four  pairs 
of  simple  branches. 

This  is  a  handsome  fern  of  which,  unfortu- 
nately, only  the  specimen  figured  was  obtained. 
The  size  and  outline  of  the  whole  frond  is  not 
known,  but,  assuming  from  the  example 
present  that  it  is  complete,  it  was  broadly  lance- 


olate in  shape  and  twice  pinnate.  Tl 
is  10  centimeters  and  the  width  appro 
4  centimeters  at  the  broadest  point,  i 
tapers  to  an  acuminata  apex.  The  c 
the  pinnae  and  the  simple  nervation 
shown  in  the  figure. 

In  the  absence  of  fruit  some  un 
attaches  to  the  generic  reference  for  i 
In  its  general  aspect  it  resembles  Ai 
and  among  living  species  it  finds  a  t 
approximation  in  outline  and  type  < 
tion  to  Asplenium  lineatum  Swar 
Malacca,  and  it  is  referred  provisional 
genus. 

No  American  fossil  species  hitherto  < 
seems  very  closely  related  to  the 
species. 

Occurrence:  Raton  formation  (1 
dump  of  mine  at  Primero,  Colo.,  coll 
W.T.Lee  (5798). 

Familfr  SCHIZAEACEAE. 

Anemia  occidentalis  Knowlton,  n.  s 

Plate  LIV,  figure  2. 

Frond  at  least  once  and  probah 
pinnate,  apparently  triangular-lancc 
general  outline;  rachis  slender,  rid) 
imles  alternate,  usually  remote,  stro 
current,  at  an  angle  of  about  60°,  lor 
lanceolate,  slenderly  acute  at  apex, 
narrowed  at  base,  the  margin  cut  by  r 
strong,  sharp,  upward-pointing  teel 
diminishing  toward  the  apex  and  in  t 
part  of  the  frond;  midvein  relativel; 
grooved;  veins  at  an  acute  angle,  n 
close,  parallel,  forking  once  just  above 

Ferns  of  the  type  usually  referred  1 
botanists  to  the  genus  Anemia  are 
spread  vertical  and  geographic  rang 
country,  and  especially  in  the  Rocky  I 
region,  but  are  usually  represented  i 
tions  by  few  examples  from  one  loci 
most  frequently  by  specimens  of  smi 
that  is,  it  is  rather  rare  to  find  s 
which  show  the  full  size  and  gener 
perhaps  the  majority  consisting  of  sir 
most  of  only  a  few  associated  pinnuL 
with  some  hesitation  that  the  presen 
described  as  new,  but  the  conviction 
growing  of  late  that  too  diverse  forms  1: 
crowded  into  the  few  thus  far  namec 
with  the  result  that  none  seemed  to  hi 
geologic  value.     It  must  be  confc*ssed, 
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that  the  difiFerences  that  could  be  made  out 
from  the  material  available  are  not  great,  a 
fact  that  accoimts  for  the  unsatisfactory  status 
of  many  species  of  the  genus. 

The  present  species  is  based  on  material  from 
four  locaUties,  though  only  one  has  more  than 
a  single  example.  The  largest  and  in  some  re- 
spects the  best  specimen  (fig.  2)  shows  a  frond 
at  least  15  centimeters  long  and  more  than  20 
centimeters  wide,  which  would  seem  to  indi- 
cate that  it  was  much  larger  than  the  portion 
showD.  The  lower  pinnules  preserved  were 
about  12  centimeters  in  length  and  about  1.5 
centimeters  in  width;  the  upper  ones  are  of 
course  shorter  and  narrower.  The  nervation 
is  very  obscurely  preserved  in  this  specimen, 
though  faint  indications  can  be  made  out. 

Another  specimen,  nearly  as  large,  is  not 
figured.  It  is  a  fragment  about  12  centi- 
meters long  and  a  little  more  wide,  evidently 
from  the  upper  portion  of  a  frond  that  could 
hardly  have  been  much  imder  30  centimeters 
in  length.  It  well  shows  the  erect,  strict  na- 
ture of  the  frond  and  the  strongly  decurrent 
form  of  the  pinnules.  Fortimately  the  nerva- 
tion is  quite  well  preserved  in  this  specimen. 
It  consists  of  a  strong  grooved  midvein  or 
secondary  rachis  with  the  numerous,  close, 
parallel,  once-forked  and  acute-angled  veins. 

The  two  other  specimens  which  have  not 
been  figured  are  of  single  pinnules  and  show 
the  nervation  well  preserved. 

Anemia  ocddentolis  is  perhaps  most  closely 
related  to  and  in  the  past  has  undoubtedly 
been  most  frequently  identified  with  Anemia 
perplexa  Hollick.*  The  name  Anemia  per- 
plexa  was  substituted  by  Holhck  for  Sphenop- 
teris  {Asplenium)  elongatum  Newberry,  1863, 
which  was  held  to  be  preoccupied  by  the  liv- 
ing Asplenium  elongatum  Swartz,  1806.  The 
species  is  the  same  as  Anemia  suhcretacea 
(Saporta)  Gardner  and  Ettingshausen,  1880 
(Asplenium  suhcreiaceum  SsLporteiy  1868),  and  is 
probably  the  same  as  Grymnogramma  Juiydenii 
Lesquereux,  1871  (1872).  In  late  years  it  has 
been  most  wid(dy  known  as  Anemia  suhcretacea. 
It  has  been  identified  by  Newberry  from  the 
Cretaceous  of  Orcos  Island,  BelUngham  Bay, 
Wash.,  from  the  Laramie  formation  at  Erie, 
Colo.,  and  from  the  Montana  group  at  Point  of 
Rocks,    Wyo.     It    seems    probable,   however, 

»  Newberry,  J.  S.,  op.  cit.,  p.  3,  pi.  15  (figs.  1,  la),  pi.  16  (flg.  3),  pi.  63 
(flgs.  1-4). 


that  two  species  have  been  confused  by  New- 
berry, for  certainly  the  plants  shown  on  his 
Plates  XV  and  XVI  are  not  conspecific  with 
these  shown  on  his  Plate-LXIII.  The  localities 
whence  he  obtained  his  specimens  are  not  defi- 
nitely stated,  though  presumably  the  originals 
of  Plate  LXIII  are  the  Washington  specimens^ 
From  these  Anemia  ocddentalis  differs  mark- 
edly, for  though  some  of  its  pinnules  are  cut  into 
prominent  teeth  they  are  never  cut  into  definite 
lobes,  each  with  its  separate  midvein  and  dis- 
tinct nervation.  The  figures  on  Newberry's 
Plates  XV  and  XVI  are  not  greatly  rnilike  A.  oc-- 
cidentalisj  but  they  appear  to  represent  a  thicker^ 
coarser  plant  with  more  prominent  teeth  and 
stronger  nervation.  They  must  certainly  be 
kept  apart  from  A,  occidentalis  imtil  more  A. 
perplexa  material  is  available  for  comparison. 

In  habit  A,  occidentalis  is  similar  to  the  abun- 
dant Enghsh  form  referred  by  Gardner  and 
Ettingshausen  to  Anemia  suhcretacea,  but  it  is 
apparently  larger,  has  more  prominent  teeth, 
and  a  nervation  which  springs  from  the  cen- 
tral  rachis  of  the  pinnules.  The  English  forms 
were  regarded  by  Newberry  as  similar  to  or  at 
most  only  varietally  different  from  A,  perplexa. 

Occurrence :  Raton  formation  (Tertiary)  ;near 
locality  106,  Colorado  (sec.  9,  T.  33  S.,  R.  64 
W.),  collected  by  W.  T.  Lee  (5697);  4  miles 
north  of  Trinidad,  Colo.,  near  locality  109,  20O 
feet  above  the  lowest  bed  of  coal,  collected  by 
G.  B.  Richardson's  party  (5102) ;  Riley  Canyon^ 
2  miles  above  Cokedale,  Colo.,  collected  by  G. 
B.  Richardson's  party  (5103);  Honeyfield  mine 
near  Yankee,  N.  Mex.,  collected  by  W.  T.  Lee 
(5140). 

SPERMATOPHYTA. 

Class  ANGIOSPEBMAE. 

Subclass  MONOCOTTLEDONAE. 

Order  NAIADALES. 

FamUy  ALISMACEAE? 

Genus  ALISMAPHYLLTTES  KnowUon,  n.  gen. 

Stems  thick,  flesliy,  longitudinally  striate^ 
covered  by  the  more  or  less  sheathing  bases  of 
the  fleshy,  aerodrome  leaves. 

Alismaphyllites  crassifolium  Knowlton,  n.  sp. 

Plat^  LV,  figure  1. 

Leaves  evidently  thick  and  somewhat  fleshy^ 
variable,  from  elliptical-lanceolate  to  spatulate- 
lanceolate,  obtusely  acuminate  at  apex,  nar- 
rowed at  base  and  apparently  sheathing  the 
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stem;  nerves  all  or  nearly  all  arising  at  the 
base  of  the  blade  and  there  very  close  together, 
then  spreading  and  running  quite  to  the  tip  of 
the  blade. 

In  view  of  its  evidently  fleshy  nature  this 
specimen  is  reasonably  woU  preserved.  It  con- 
sists of  a  fleshy  stem  about  4  centimeters  long 
and  about  7  millimeters  thick,  with  three  leaves 
still  attached  and  evidence  of  the  existence  of  a 
fourth.  The  leaves  appear  to  be  sheathing  or 
partly  continuous  with  the  stem.  The  nerves 
all  arise  at  the  base  of  the  blade  and  are  pressed 
closely  together,  those  in  the  middle  continu- 
ing close  together  and  producing  a  kind  of  fake 
midrib  for  more  than  half  the  blade's  length, 
but  one  after  another  they  spread  off  on  the 
outside  as  the  blade  broadens,  filling  the  blade 
with  the  nerves  about  1  millimeter  apart .  They 
an  curve  inward  again  and  become  closely  ap- 
proximated at  the  tip. 

There  is  considerable  range  in  size  among 
these  leaves,  perhaps  due  to  age.  Thus  the 
smallest  is  only  6  centimeters  long  and  2  centi- 
meters broad,  and  the  largest  is  almost  12 
centimeters  long  and  3  centimeters  broad. 
Still  another  is  4  centimeters  broad  and  prob- 
ably at  least  10  centimeters  long. 

OccTirrence:  Raton  formation  (Tertiary); 
Fishers  Peak  mine.  Fishers  Peak,  3  miles  south- 
east of  Trinidad,  Colo.,  collected  by  G.  B. 
Richardson's  party  (5099). 

Order  GRAMINALES. 
FanUly  POACEAE. 

Phragmites  oeningensis  Alexander  Braon. 

Phroffmites  oeningerms  Alexander  Braun,  in  Stizenberger, 
Uebereicht  der  Versteineningen  des  Gropsherzog- 
thums  Baden,  p.  75,  1851. 
Lesquereux,  U.  S.  Geol.  Survey  Terr.  Ann.  Rept., 
1871,  Suppl.,  p.  13,  1872. 

This  species  was  reported  by  Lesquereux 
from  Fishers  Peak,  Raton  Mountains,  but  has 
not  since  been  noted. 

Occurrence:  Raton  formation  (Tertiary); 
Fishers  Peak,  Raton  Mountains,  Colo.,  collected 
by  F.  V.  Hayden,  1869. 

Order  ABECALES. 

Family  PALMACEAE. 

Of  the  many  families  that  may  be  recognized 
among  the  fossil  remains  in  the  area  covered  ])y 
this  report  the  Palmac^ae  is  perhaps  the  most 
abimdant  and  widely  distributed.     Remains  of 


palms  Q,re  present  in  the  collections  froB 
50  localities,  distributed  from  one  end 
field  to  the  other,  and  according  to  Le 
collected  most  of  the  material,  the  pres< 
a  few  fragments  in  a  lot  may  not  be  1 
means  an  indication  of  the  relative  abui 
at  that  place.  In  fact,  they  were  so  abi 
that  unless  exceptionally  fine  specimens 
be  obtained  only  enough  to  show  their  pi 
were  usually  collected.  In  certain  coal 
such,  for  example,  as  the  Sugarite  min 
Raton,  N.  Mex.,  the  roof  for  a  considerab 
is  completely  covered  by  masses  of  grea 
leaves,  some  of  which  are  practically  co 
and  unbroken.  As  these  can  rarely  be  re 
without  serious  breakage,  recourse  sho 
had  to  photographing  them  in  place. 

With  such  a  wealth  of  available  mat( 
was  presumed  that  the  obvious  confusic 
had  existed  could  be  reduced  to  some  i 
order.  The  result,  however,  is  son 
disappointing,  for  only  one  pinnate  s 
represented  by  less  than  half  a  dozen  exi 
from  a  single  locality,  was  found,  all  tl 
belonging  to  the  palmate  type,  and, 
well  known,  comparatively  few  palmate- 
palms  have  leaf  characters  that  alone 
for  satisfactory  diflFerentiation.  Howe^ 
the  leaves  are  almost  the  only  parts  pre 
the  best  must  be  made  of  the  material 
able,  and  careful  study  has  shown  thai 
specimens  possess  some  characters  whi( 
them  more  or  less  conclusively  to  living  g 

Oreodozites  plicatus  Lesqoereox. 

Plate  LXIII,  figure  1. 

Oreo^oxites   plicatus   Lesquereux,    U.    S.    Geol. 
Terr.  Rept.,  vol.  8  (Cretaceous  and  Tertiary 
p.  122,  pi.  18,  figs.  1-4,  1883. 

In  one  of  the  collections  from  Tercio, 
from  about  200  foot  above  the  conglon 
there  is  a  single  fragment  that  appear 
little  doubt  to  belong  to  this  woU-known  I 
species.  It  is  from  the  basal  portion 
loaf  and  is  indistinguishable  in  characte: 
Lesquereux's  figure  2.  The  fragment  i 
haps,  too  imperfect  to  be  worth  figurir 
it  can  add  nothing  to  what  is  already  k 

Occurrence :  Raton  formation  (Tertiary 
(io,  Colo.,  about  200  feet  above  the  top 
basal  conglomerate  of  the  Raton  forn 
collected  by  W.  T.  Lee  (5803).     Denver  i 
tion  (Tertiary) ;  Golden,  Colo. 


288 


GEOLOGY  AND  PALEONTOLOGY  OF   RATON   MESA  IN   COLO.-N.   MEX. 


Sabaliles  grayanus  (Lesquereux)  Lesquereux. 

»Sabal  grayana  Lesquereux,  Am.  Philos,  Soc.  Trans.,  vol. 

13,  p.  412,  pi.  14,  figs.  4-^,  1869. 
Sabalites  grayanus  (Lesquereux)  Lesquereux,  U.  S.  Geol. 

Sur\'ey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  112, 

pi.  12,' figs.  1,  2,  1878. 

This  species  was  described  originally  from 
the  ^'Eo-liguitic'^  (Wilcox  group)  of  Missis- 
sippi, and  according  to  Berry  has  been  found 
at  several  localities  in  the  Wilcox  group.  It 
is  undoubtedly  closely  related  to  what  has 
usually  been  called  Flahellaria  eocenica  Les- 
quereux,  a  species  found  first  at  Black  Buttes, 
Wyo.,  and  subsequently  in  the  Denver  forma- 
tion at  Golden,  Colo.  Wliat  is  believed  to  be 
tliis  species  has  been  detected  at  two  localities 
in  the  Raton  Mesa  area. 

Occurrence :  Raton  formation  (Tertiary) ; 
west  side  of  Dillon  Canyon,  near  Blossburg, 
N.  Mex.,  collected  by  W.  T.  Lee  (5147);  hill- 
side just  west  of  south  entrance  to  Raton 
tunnel,  6  miles  north  of  Raton,  N.  Mex.,  col- 
lected by  F.  H.  Knowlton  (5464). 

Sabal  inquirenda  Knowlton,  n.  sp. 

Plate  L VI. 

Leaves  relatively  small,  probably  1.5  meters 
or  less  in  diameter,  palmate,  wuth  40  to  50 
folds  wliich  are  much  compressed  at  the 
point  of  attachment  and  rapidly  widen  out- 
ward (apex  not  known);  petiole  unarmed, 
rounded  both  above  and  below,  or  at  least 
not  conspicuously  concave  above;  about  2 
to  3  centimeters  broad ;  apex  of  petiole  rounded 
on  the  upper  side  of  the  leaf  and  prolonged  on 
the  under  side  into  a  spine  or  ''midrib^'  6  to 
12  centimeters  in  length. 

This  species  has,  with  the  exception  of 
Sahal?  rugosa,  the  smallest  leaves  of  any  of  the 
forms  here  differentiated,  the  diameter  being 
probably  little  if  any  in  excess  of  a  meter. 
The  rays  are  in  the  main  small,  crowded,  and 
flat,  in  whicli  respect  they  differ  from  those 
of  S,  rugosa.  The  petiole,  as  it  enters  the 
base  of  the  blade,  is  well  shown  in  the  plate. 

Occurrence:  Raton  formation  (Tertiary); 
Sugarite  mine,  4  miles  northeast  of  Raton, 
N.  Mex.,  collected  by  F.  H.  Knowlton,  1909 
(5467) ;  Old  Wagon  mine,  4  miles  northeast  of 
Raton,  N.  Mex.,  collected  by  W.  T.  Lee,  1908 
(5143). 


Sabal?  rugosa  Knowlton,  n.  sp. 

Plate  LVIII. 

Leaves  of  small  size,  1  meter  or  less  in 
diameter,  palmate,  truncate  at  base,  with  about 
40  rays  or  folds;  petiole  about  2  centimeters 
broad,  imarmed,  not  grooved  nor  ridged, 
obtuse  on  the  upper  side,  the  rays  nearly  all 
arismg  from  it,  on  the  lower  side  prolonged 
into  a  short  point  about  8  centimeters  long. 

This  species  is  well  represented  by  the  two 
fine  examples,  wliich  fortunately  represent  both 
upper  and  lower  surfaces,  thus  showing  the 
apex  of  the  petiole  above  and  below  and 
the  character  of  the  rays  and  their  insertion. 
The  rays  are  very  strongly  folded  and  have 
sharp  keels,  whence  the  local  name  of  '^  fossil 
washboards,'^  by  wliich  they  are  known  to  the 
miners.  Aside  from  the  strong  midrib  or  keel 
to  the  folds  the  nervation  is  not  preserved. 

This  species  is  not  likely  to  bo  confused  with 
either  of  the  forms  described  and  figured  in  this 
report,  bemg  perhaps  nearest  to  Sahalf  in- 
quirenda as  regards  size  but  differing  from  it  in 
its  fewer  rays,  their  more  strongly  plicate 
character,  and  in  the  details  of  the  apex  of  the 
petiole.  From  Sabal?  ungeri  it  differs  in  having 
only  forty  instead  of  from  eighty  to  ninety  rays 
and  in  the  much  shorter  extension  of  the  petiole 
on  the  lower  side. 

The  present  form  approaches  most  closely  to 
what  Lesquereux*  has  called  Flahellaria  eocenica, 
from  the  Denver  formation  of  the  Denver  Basin, 
Colo.,  and  the  Black  Buttes  coal  group  of  BlAck 
Buttes,  Wyo.  (regarded  by  the  author  as  of 
post-Laramie  ago);  in  fact,  it  is  probable  that 
no  great  harm  would  bo  done  if  the  two  were 
combined.  Lesquereux's  type  specimens  are 
fragments  showing  the  apex  of  the  petiole  in 
both  upper  and  under  surfaces  and  the  origin  of 
tlie  rays.  No  good  characters  can  be  observed 
in  these  parts  which  will  serve  to  separate  it 
from  S,  rugosa;  the  outer  extensions  of  its  rays, 
however,  are  described  as  being  very  flat  and 
open,  whereas  in  S.  rugosa  they  are  strongly 
compressed  even  near  the  tips.  The  nervation 
in  S,  rugosa  is  obsolete,  so  these  features  in  the 
two  forms  can  not  be  compared.  It  is  therefor^ 
best  to  keep  tliem  separated  until  absolute  proof 

» Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  p.  ni,  pi.  13,  flgs.  1-3,  1878. 
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of  their  identity  is  forthcoming,  as  it  will  bo 
very  easy  to  combine  them  at  any  time  in  the 
future. 

Occurrence:  Raton  formation  (Tertiary); 
locality  85,  near  Yankee,  N.  Mex.  (sec.  29,  T. 
32  N.,  R.  25  E.),  collected  by  W.  T.  Lee,  1909 
(5142). 

Sabal?  leei  Knowlton,  n.  sp. 

Plate  LX. 

Leaves  of  large  size,  probably  nearly  or  quite 
two  meters  in  longest  diameter,  wedge-shaped 
at  base,  then  palmately  spreading;  petiole  very 
strong,  unarmed  and  unkeeled,  3.5  centimeters 
broad,  narrowed  from  the  base  of  the  blade  and 
prolonged  above  into  a  long  slender  point  25  to 
30  centimeters  in  length;  rays  or  folds  very 
numerous,  about  fifty  or  sixty  on  each  side  of 
the  prolonged  midrib  or  petiole,  arising  at  an 
angle  of  about  45°,  and  only  2  to  4  millimeters 
wide  at  the  point  of  attachment;  margin  not 
seen  but  widest  folds  preserved  are  about  2 
centimeters. 

This  species,  which  I  have  ventured  to  de- 
scribe as  new,  is  well  represented  by  the  single 
example  figured.  It  was  clearly  a  leaf  of  large 
size,  being  probably  not  much,  if  any,  under  2 
meters  in  length.  The  part  exposed  is  thought 
to  be  the  under  (outer)  side — that  is,  the  side 
away  from  the  axis  of  growth.  The  petiole  was 
rounded  and  imarmed  and  unkeeled. 

This  species  appears  to  differ  from  all  the 
other  examples  in  the  collections  by  its  mark- 
edly wedge-shaped  base  and  by  its  extremely 
numerous,  narrow,  compact  rays,  which  arise 
at  an  angle  of  about  45°.  It  is  somewhat 
difficult  to  count  the  number  of  rays,  but  there 
appear  to  be  fifty  to  sixty  on  each  side,  or  100 
to  120  for  the  whole  leaf. 

Occurrence:  Raton  formation  (Tertiary);  3 
miles  southeast  of  Walsenburg,  Colo.,  and  one- 
eighth  of  a  mile  northeast  of  Rockland  mine, 
locality  120,  on  north  side  of  Cucharas  Canyon, 
collected  by  W.  T.  Leo  (5679) ;  Canadian  Canyon 
near  mouth  of  Jones  Canyon,  Raton  field, 
N.  Mex.,  collected  by  G.  B.  Richardson's  party 
(5235);  about  3  miles  north  of  Trinidad,  Colo., 
near  locality  109  (5094). 

47019°— 17 19 


Sabal?  ungeri  (Lesquereux)  Knowlton,  n. 

Plates  LVII,  LIX. 

Sabal  camphelli  Xewberry  (in  parti,  Boston  J 

HiBt.,  vol.  7,  p.  515,  1863. 
Sabal  campbelli  Newberry.    Lesquereux,  Illust 

Cretaceous  and  Tertiary  plants,  pi.  10,  U 

and  Geog.  Survey  Terr.,  1878. 
Geonomitcs  ungcri  Les<}uereux,  U.  S.  Geol.  Sui 

Rcpt.,  vol.  7  (Tertiary  flora),  p.  118,  pi. 

1878. 
Sabal  grandifolia  Newberry,  U.  S.  Geol.  Surve> 

p.  28,  pi.  63,  fig.  5  (not  pi.  25  or  pi.  24,  figs.  2, 

Leaves  of  large  size,  probably  2.5  to  ; 
in  diameter,  with  seventy  to  ninet; 
petiole  3  to  4.5  centimeters  wide,  flat,  or 
ridged  above  but  without  a  keel  above  o 
margins  of  petiole  unarmed,  terminatin 
upper  side  in  an  arch  from  which  i 
radiate ;  on  the  underside  prolonged  int< 
or  midrib  15  to  20  centimeters  or  ; 
length. 

The  above  description  is  with  some  < 
modifications  that  given  by  Newberrj! 
Sahal  grandifolia^  of  which  he  figured  oi 
men  from  the  Fishers  Peak  region.  ^ 
or  not  the  other  specimens  figured 
scribed  by  Newberry  under  this  nt 
conspecific  is  not  here  considered,  but  t 
be  no  doubt  that  his  Fishers  Peak  spe 
identical  with  Lesquereux's  Geonomite 
from  the  same  region. 

The  fragment  upon  which  Lesquereu 
his  Geonomites  ungeri  (U.  S.  Nat.  M 
106)  comes,  as  is  now  known,  from  th( 
side  of  a  large  leaf  and  shows  the  spike] 
longation  of  the  petiole  bito  what  may  1 
a  sort  of  false  midrib,  such  as  charactei 
underside  of  the  leaf  in  many  large  j 
leaved  hving  palms.  He  mistook  this 
upper  side  of  the  leaf  and  hence  conclu< 
the  shape  of  the  perfect  leaf  was  fit 
phmate  or  broadly  hnoar-lanceolatc. 
for  this  reason  that  he  placed  it  in  Geo 
since  in  the  living  genus  Geanama,  on  w] 
based,  the  leaves  are  somewhat  of  th 
acter.  Jis  the  loaves  under  discuss 
clearly  circular  in  outUne  and  have  the 
folds  palmate  m  origin  it  has  been  nece 
transfer  it  to  Sahal,  which  seems  to  com 


290 


GEOLOGY  AND  PALEONTOLOGY  OF  RATON   MESA  IN   COLO.-N.   MEX. 


characters  exhibited  by  the  fossil  leaves;  and  as 
Lesquereux's  specific  name  has  priority  over 
any  others  given  it  the  species  is  now  called 
Sdbalf  ungeri. 

Notwithstanding  the  comparatively  large 
nimiber  of  specimens  now  available  for  study 
I  am  still  somewhat  in  the  state  of  uncertainty 
concerning  them  that  Newberry  acknowledged 
himself  to  be.     He  says:* 

In  the  great  number  of  the  remains  of  palms  found  in  the 
Tertiary  and  Cretaceous  rocks  of  the  West — trunks,  leaves, 
and  fruit — it  has  been  very  diflficult  to  define  distinct 
species,  and  it  is  probable  that  many  years  will  elapse 
before  perfect  order  can  be  brought  out  of  the  present  con- 
fusion. The  species  now  imder  consideration  may,  how- 
ever, be  identified  by  the  large  size  of  its  leaf,  its  plain 
imkeeled  petiole  drawn  out  into  a  long  acute  spine  on  the 
imderside,  the  very  niunerous  folds,  and  the  crowded  sub- 
equal  nervation. 

The  species  from  outside  the  area  under  con- 
sideration to  which  the  present  form  is  most 
closely  related  is  SabalUes  ffrayanus  of  Les- 
quereux.  This  was  described  originally,^  imder 
the  name  of  Sahal,  from  the  ''  Eo-lignitic ''  (Wil- 
cox formation)  of  Mississippi  and,  although  a 
mere  fragment,  is  distinguished  from  Sahal  ? 
ungeri  with  difficulty  if  at  aD.  Subsequently 
leaves  that  have  been  identified  as  SdbaliUs 
grayanus  have  been  found  at  many  localities 
ranging  in  age  from  Montana  to  Eocene,  but 
most  of  these  are  very  fragmentary,  and  it  is 
extremely  doubtful  if  they  have  been  correctly 
referred  to  this  species.  For  example,  the 
huge  specimen  figured  by  Lesquereux^  came 
from  the  Montana  group  at  Point  of  Rocks, 
Wyo.,  where  other  similar  specimens  have  been 
since  found,  but  it  is  totally  different  in  size  and 
appearance  from  the  '*Eb-lignitic^'  type.  On 
the  same  plate  Lesquereux  has  figured  as 
SabaUtes  grayanus  a  section  of  a  petiole  (U.  S. 
Nat.  Mus.  coll.  109)  from  the  Denver  forma- 
tion near  Golden,  Colo.,  but  there  is  not  the 
shghtest  vaUd  reason  for  referring  it  to  this 
species,  and  it  might  as  well  have  belonged  to 
any  one  of  several  large-leaved  palms.  If 
this  strongly  keeled  petiole  could  really  bo 
proved  to  belong  to  SabaUtes  grayanus  it  would 
in  itself  be  a  sufficient  character  to  separate  it 

1  Newberry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  S. 
Geol.  Survey  Mon.  35,  p.  28, 1898. 

s  Lesquereux,  Leo,  On  species  of  fossil  plants  from  the  Tertiary  of  the 
State  of  Mississippi:  Am.  Philos.  Soc.  Trans.,  n.  ser.,  vol.  13,  p.  412,  pi. 
14,  flgs.  4-6, 1860. 

•  Lesquereux,  Leo,  The  Tertiary  flora:  U.  S.  Oeol.  Survey  Terr. 
Rept.,  vol.  7,  pi.  12,  fig.  1, 1878. 


from  Sabal  ungeri,  in  which  there  is  no  evidence 
that  the  petiole  was  either  grooved  or  keeled. 

It  may  be  that  the  original  ''Eo-lignitic'' 
types  are  the  same  as  the  leaves  under  discus- 
sion, but  it  is  practically  certain  that  most  if 
not  indeed  all  of  those  later  referred  to  S.  gray- 
anus  are  not  conspecific  with  the  present  speci- 
mens, and  in  the  absence  of  convincing  proof 
it  is  best  to  keep  them  distinct. 

Sabal  ungeri  is  the  most  abundant  and  widely 
distributed  of  all  the  forms  it  is  attempted 
to  delimit  in  this  paper.  It  undoubtedly  ap- 
proaches most  closely  Sabal  inquiretiday  and 
unless  specimens  are  of  sufficient  eize  and  per- 
fection to  show  well  their  character  they  can 
not  be  separated  with  absolute  certainty. 
Sabal  inquirenda,  however,  may  be  known  in 
general  by  its  small  size — not  exceeding  1.5 
meters  in  diameter — and  its  forty  to  fifty 
instead  of  seventy  to  ninety  folds.  Sabal  rugosa 
is  smaller  and  has  more  strongly  ribbed  and 
phcated  rays,  which  do  not  exceed  forty  in  num- 
ber. Sabal  leeij  also  a  large-leaved  form,  may 
be  distinguished  from  S.  ungeri  by  its  wedge- 
shaped  base  and  its  great  number  of  very  closely 
appressed,  obhquely  inserted  rays. 

Occurrence :  Raton  f onnation  (Tertiary) ;  col- 
lected by  W.  T.  Lee — Raynolds  mine,  near  Yan- 
kee, N.  Mex.  (5133);  Yankee,  N.  Mex.,  locality 
85  (5142);  south  entrance  to  Raton  tunnel, 
north  of  Raton,  N.  Mex.  (5146);  junction  of 
Dillon  and  Coal  canyons,  near  Blossburg,  N. 
Mex.;  same  (5150);  south  end  Raton  tunnel 
(5155);  south  wall  of  Purgatoire  Canyon,  at 
mouth  of  Riley  Canyon,  near  Cokedale,  Colo. 
(5704);  locality  106  (sec.  9,  T.  33  S.,  R.  64  W.), 
near  Trinidad,  Colo.  (5697);  Riley  Canyon  near 
Cokedale,  Colo.  (5701);  same  (5703);  same 
(5795);  Verracjo  Valley,  N.  Mex.,  near  Salyers 
Creek  (5826);  same  (5827);  Uto  Park,  N.  Mex. 
(5830) ;  collected  by  or  for  George  B.  Richard- 
son— 4  mUes  north  of  Trinidad,  near  locality  109 
(5102);  Riley  Canyon,  2  mUes  above  Cokedale 
(5103);  Powell  Arroyo,  Trinidad  field  (51 '12); 
Cokedale,  Colo.  (5096);  3  miles  north  of  Trini- 
dad,  near  locaUty  109  (5094) ;  North  Fork  of  Pur- 
gatoire River,  between  Vigil  and  Wood's  ranch 
(5114);  collected  by  Orestes  St.  John — Long 
Canyon,  N.  Mex.,  900  feet±  above  Trinidad 
sandstone;  near  Raton,  N.  Mex.,  350  feet  above 
Trinidad  sandstone;  Spring  Gulch,  Wilson 
Arroyo,  N.  Mex.;  York  Canyon,  N.  Mex.;  col- 
lected by  F.  H.  Knowlton — Bowen  mine,  4 
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miles  north  of  Trinidad,  Colo.  (5496) ;  Sugarito 
mine  (Old  Wagon  mine),  4  miles  northeast  of 
Raton,  N.  Mex.  (5467).  Type  of  species  (U.  S. 
Nat.  Mus.  Coll.  106),  Raton  Mountains,  Colo. 
Vermejp  formation  (Oetaceous);  Ponil  Can- 
yon, N.  Mex.,  1  mile  west  of  locality  11,  near  top 
of  Vermejo  formation,  collected  by  W.  T.  Lee 
(5829);  1  mile  south  of  Shimiway,  Colo.  (5680). 

"Geonoma"  gigantea  Knowlton,  n.  sp. 

Plate  LXI. 

Leaves  pinnate,  of  large  size,  probably  3  me- 
ters or  more  in  length  and  1  meter  in  width; 
petiole  within  the  Umits  of  the  leaf  about  2 
centimeters  broad,  rounded,  striate;  leaflets  op- 
posite, at  an  angle  of  about  45°,  slightly  con- 
stricted at  point  of  attachment,  slightly  en- 
larging upward  (apex  not  seen) ;  width  at  point 
of  attachment  about  2  centimeters,  greatest 
width  about  3.5  centimeters;  each  leaf  with  a 
distinct  midrib,  and  three  or  four  thinner  veins, 
about  equally  dividing  the  space  between  mid- 
rib and  margin  on  either  side;  intermediate 
veins  present  though  obscure. 

This  splendid  species  is  represented  by  three 
or  four  specimens,  all  from  the  same  locality, 
the  largest  and  best  being  figured.  It  is  a  pin- 
nate-leaved form,  that  from  the  proportions 
noted  between  leaflets  and  petiole  in  certain 
living  species  must  have  been  at  least  3  meters 
in  length  and  probably  more  than  1  meter  in 
width.  The  generally  good  state  of  preserva- 
tion clearly  indicates  that  it  was  of  strong 
coriaceous  character  and  was  quite  comparable 
in  this  respect  to  many  large-leaved  hving 
species. 

Though  palmate-leaved  palms  are  of  common 
and  widespread  occurrence  in  certain  American 
Mesozoic  and  Tertiary  strata,  pinnate-leaved 
types  are  exceedingly  rare.  The  species  with 
which  the  present  form  would  naturally  be  first 
compared  is  Calamopsis  danai  Lesquereux,^ 
from  the  Wilcox  formation  of  Mississippi;  in 
fact  before  it  had  been  carefully  studied  it  was 
presumed  to  be  a  large  species  of  Calamopsis. 
Investigation  shows,  however,  that  it  can 
hardly  be  congeneric  with  Calamopsis^  for  in 
addition  to  being  much  larger  it  has  a  round 
instead  of  a  keeled  petiole  and  thicker  leaflets 
with  distinct  midribs. 

>  Lesquercux,  Leo,  On  species  of  plants  from  the  Tertiary  of  the  State 
of  Mississippi :  Am.  Philos.  Soc.  Truns.,  vol.  13,  p.  411,  pi.  14,  flgs.  1-3, 
1869.  It  is  probable  that  Calamoptia  danoi should  be  refeired  to  the  genus 
Chafnaeddrea. 


An   imdescribed   species   of    Calamops 
known  to  the  writer  from  the  Denver  form; 
of  Middle  Park,  Colo.,  but  it  is  somewhat 
mentary  and  apparently  differs  but  Uttle 
C.  danai. 

Several  species  have  been  described  by 
quereux  under  the  name  Geonomites  or 
presumption  that  they  were  pinnate,  but  a 
be  shown  later  at  least  two  of  the  ''species 
really  palmate  forms  and  belong  to  Sahal. 
restudy  has  been  made  of  the  remaining  sp 
of  Geonomites  J  but  in  any  event  they  are 
unlike  the  form  under  consideration  anc 
not  be  congeneric  with  it. 

Oreodoxites  plicatus  Lesquereux,  from 
Denver  formation,  is  another  pinnate-lc 
species,  but  it  has  short,  elliptical,  strong! 
cate  leaves  that  are  totally  unUke  the  Col< 
species  and  that  likewise  can  not  be  conge 
with  it. 

Among  the  great  number  of  living  ] 
with  pinnate  leaves  it  is  a  matter  of  some 
culty  to  determine  the  genus  to  whicl 
present  specimens  are  most  closely  re] 
After  a  careful  review  of  the  material  ii 
National  Herbarium  it  appears  to  be  nc 
to  Geonoma  sp.  of  Jamaica.  This  sp 
known  as  the  long  thatch  palm,  is  so  es 
similar  to  the  fossil  that  they  are  sepa 
with  great  difficulty.  About  the  only  c 
ence  noted  is  in  the  petiole,  which  in  the  '. 
species  is  approximately  triangular  in 
section,  and  in  the  fossil  species  is  appai 
rounded,  though  the  incidents  attending  f 
zation  may  possibly  account  for  this  app 
difference. 

Occurrence:  Raton  formation  (Tertiary) 
eighth  of  a  mile  northeast  of  Rockland 
locality  120,  north  side  of  Cucharas  Ca 
near  Wajsenburg,  Colo.,  collected  by  ^ 
Lee,  1910  (5679). 

Geonomites  tenoirachis  Lesquereux. 

Plate  LXII. 

Flabellariaf  longirachisf  Unger.    Lesquereux,  U.  S 
Survey  Terr.  Ann.  Rcpt.,  1873,  p.  396,  1874. 

Geonomites  tenuirachis  Lesquereux,  U.  S.  Geol.  * 
Terr.  Rept.,  voL  7  (Tertiary  flora),  p.  117, 
fig.  1,  1878. 

Notwithstanding  the  fact  that  the  spe< 
here  figured  is  much  larger  and  more  r 
complete  than  the  single  fragment  mad 
basis  of  Lesquereux's  name,  there  is  still  < 
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as  to  the  full  size  and  shape  of  the  species. 
Following  is  Lesquereux's  comment  on  the 
type  specimen: 

It  appears  to  represent  the  upper  part  of  long,  linear- 
lanceolate  frond,  palmato-pinnate,  with  a  very  narrow 
rachis,  to  which  the  rays  are  attached  at  an  acute  angle  of 
divergence,  scarcely  20°.  The  rachis  is  ab<JUt  2  mm.  thick, 
smooth,  and  grooved  in  the  middle.  The  rays,  obtusely 
carinate,  narrow,  about  1  centimeter  wide,  including  both 
faces,  become  flat  and  slightly  decurrent  toward  the  rachis, 
curve  inward  in  narrowing,  and  seem  to  become  free  from 
each  other  toward  their  points. 

The  type  specimen,  which  is  scarcely  10  cen- 
timeters in  length,  might  well  have  come  either 
from  the  middle  or  upper  portion  of  a  specimen 
hke  the  one  here  figured,  in  which  the  rachis  is 
preserved  for  a  length  of  36  centimeters,  and 
when  unbroken  was  doubtless  three  times  as 
long,  for  a  specimen  photographed  by  Lee  in 
the  roof  of  the  Sugarite  mine  at  Raton,  N.  Mex., 
had  a  rachis  more  than  a  meter  in  length. 
There  can  be  no  doubt,  however,  that  the  speci- 
men here  figured  is  identical  with  the  fragment 
figured  by  Lesquereux,  and  it  is  consequently 
referred  imder  his  name. 

Occurrence:  Raton  formation  (Tertiary); 
ridge  east  of  Yankee  mine,  near  Yankee,  N. 
Mex.,  locality  85,  collected  by  W.  T.  Lee  (5139). 

Palmocarpon  palmanim  (Lesquereux)  Knowlton. 

Carpoliihes  palTnancm  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  13, 1872;  idem, 
1872,  pp.  382,  403,  1873;  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.,  1873,  p.  385,  1874;  idem, 
1876,  p.  503,  1878. 

Palmocarpon  palmarum  (Lesquereux)  Knowlton,  U.  S. 
Geol.  Survey  Bull.  152,  p.  158,  1898. 

Palmocarpon  commune  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  119,  pi.  13, 
figs.  4-7,  1878;  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ann.  Rept.,  1876,  p.  503, 1878. 

The  typo  specimens  of  this  species  and  a 
large  number  of  recently  collected  examples  arc 
preserved  in  the  United  States  National  Mu- 
seum.    Tlie  species  was   first  described  from 
Fishers  Peak,  Raton  Mountains,  Colo.,  and  has 
since  been  obtained  at  other  locaUties  within 
the  type  area  and  elsewhere,  but  particularly 
at  South  Table  Mountain,  near  Golden,  Colo. 
The  recent  collections  from  the  Denver  forma- 
tion at  Golden  contain  a  large  number  of  speci- 
mens, but  notwithstanding  the  abundant  mate- 
rial now  in  hand  nothing  has  been  found  to 
throw  additional  light  on  its  aflSnity. 

From    the    Lance    formation    of    Converse 
Coimty,  Wyo.,  there  is  a  single  fruit,  apparently 


of  this  species,  which  occurs  in  the  midst  of 
other  coarse  particles  of  sand  inside  a  large 
dinosaurian  bone.  It  is  nearly  circular  in 
shape,  much  flattened  and  not  much  wrinkled. 
Its  upper  surface  shows  faint  close  lines  which 
give  it  the  appearance  of  having  been  fibrous 
coated. 

Occurrence:  Raton  formation  (Tertiary); 
types.  Fishers  Peak,  Raton  Mountains,  Colo.; 
collected  at  the  following  localities  by  W.  T. 
Lee — ^junction  of  Dillon  and  Coal  canyons,  near 
Blossburg,  N.  Mex.  (5148);  locahty  124,  in 
Spring  Canyon,  Vermejo  Park,  N.  Mex.  (5236) ; 
south  wall  of  Purgatoire  Canyon,  mouth  of 
Riley  Canyon,  Colo.  (5795) ;  Ute  Park,  N.  Mex. 
(5830) ;  collected  by  G.  B.  Richardson's  party — 
near  Trinidad,  Colo.,  near  locahty  106 
(5097);  2i  miles  north  of  Trinidad,  Colo., 
near  locahty  109  (5094) ;  4  miles  north  of  Trini- 
dad, Colo.,  near  locahty  109  (5102) ;  Riley  Can- 
yon, Colo.,  2 J  miles  above  Cokedale  (6105); 
hogback  north  of  Stonewall,  Colo.  (5110, 6113); 
2  miles  southeast  of  Dean,  Colo. ;  Trinidad  field, 
Colo.,  7  miles  southwast  of  Berwind,  Colo.,  400 
feet  above  supposed  base  of  Poison  Canyon  for- 
mation (5121);  collected  by  Orestes  St.  John — 
Dutchman-Dillon  divide,  N.  Mex.,  500+  feet 
above  Trinidad  sandstone. 

SnbcUss  DICOTTLEDONAE. 

Order  JUGLANDALES. 

FamUy  JUOLANDACEAE. 

Juglans  acuminata  Alexander  Braiu. 

Plate  LXV,  figure  1. 

Juglans  acuminata  Alexander  Braun,  Neues  Jahrb.,  1845, 
p. 170. 
Lesquereux,   U.   S.   Geol.   Terr.   Ann.    Rept.,    1872^ 
p.  416  (in  list),  1873. 

I  am  not  able  to  distinguish  this  from  leaves 
so  referred  by  other  students. 

Occurrence:  Raton  formation  (Tertiary); 
dump  of  mine  at  Primero,  Colo.,  collected  by 
W.  T.  Loe  (5798). 

Juglans  nigella  Heer. 

Plate  LV,  figure  2;  Plate  LXIII,  figure  2. 

Juglans  nigella  lleer,  Flora  fossilis  arctica,  vol.  2,  p.  38, 
pi.  9,  figs.  2-4,  1869. 
Les(iuereux,  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  8 
(Cretaceous  and  Tertiary  flora),  p.  234,  pi.  4i6A, 
fig.  11,  1883. 

The  fine  specimen  here  figured,  which  is  from 
Web  Canyon  near  Weston,  Colo.,  appears  to  be 
indistinguishable  from  Heer's  JugUma  nigella 
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from  the  Eocene  (Kenai  formation)  of  Alaska, 
and  it  has  also  been  reported  by  Lesquereux 
from  the  Fort  Union  formation  of  North  Da- 
kota. It  is  particularly  close  to  Heer's  figure  4 
but  differs  from  it  slightly  in  being  a  httle 
broader  and  in  having  its  marginal  teeth  pro- 
portionately a  trifie  larger.  In  the  disposition 
and  direction  of  the  secondaries  as  well  as  in 
the  numerous  strong  nervilles  it  is  practically 
identical.  There  is  only  the  single  leaflet  in 
this  coUection,  and  a  series  might  of  course 
develop  recognizable  differences,  which,  how- 
ever, in  any  event  would  be  extremely  slight. 

The  additional  leaflet  figured  is  from  another 
locaUty,  but  it  does  not  differ  essentiall}''  from 
the  first  and  seems  best  referred  to  this  species. 

Occurrence:  Raton  formation  (Tertiary); 
Web  Canyon,  about  5  miles  northwest  of 
Weston,  Colo.,  50  to  100  feet  below  the  sup- 
posed base  of  the  Poison  Canyon  formation, 
collected  by  W.  T.  Lee  (5799) ;  Apishapa  Can- 
yon, one-half  mile  east  of  Abeton,  Colo.,  col- 
lected by  W.  T.  Lee  (5686) ;  Sopris,  Colo.,  col- 
lected by  G.  B.  Richardson's  party  (5100). 

Juglans  minutidens  Knowltoii,  lu  up. 

Plate  LV,  figure  3. 

Leaflet  obovate-lanceolate  in  shape,  taper 
pointed  above,  obtusely  wedge  shaped  and  un- 
equal sided  below;  margin  entire  below,  then 
finely  serrate,  the  teeth  small,  sharp,  and 
turned  upward;  midrib  rather  strong;  second- 
aries about  fourteen  pairs,  thin,  alternate,  at 
a  very  low  angle  of  emergence,  camptodrome, 
curved  upward  near  the  margin;  finer  nerva- 
tion not  retained. 

The  specimen  figured  is  nearly  perfect,  lack- 
ing only  the  basal  portion  on  one  side.  It  is 
rather  narrowly  obovate-lanceolate,  its  length 
being  11  centimeters,  and  its  width  about  4.5 
centimeters  near  the  middle,  whence  it  is  nar- 
rowed below  to  the  obtusely  wedge-shaped  base 
and  rounded  above  to  the  abruptly  taper- 
pointed  apex.  For  about  4  centimeters  from 
the  base  the  margin  is  entire,  and  thence  it  is 
finely  and  sharply  serrate. 

Occurrence:  Raton  formation  (Tertiary); 
dump  from  the  Turner  mine,  1 J  miles  north  of 
Wootton,  Colo.,  collected  by  W.  T.  Lee  (5714) 
on  same  stone  with  Magnolia  lesleyana,  Laurus 
sodalis,  and  others. 


Jnglaiis  berryi  Knowlton. 

Plate  LXIII,   figure  3;  Plate  LXIV,  figi 

LXXIII,  figure  3. 

Juglans  berryi  Kuowlton,  in  Berry,  U.  S.  ( 
Prof.  Paper  91,  p.  183, 1916. 

Leaflets  membranaceous  in  textui 
minal  leaflet  ovate,  equal  sided,  bro 
the  middle,  whence  it  narrows  in 
same  degree  to  both  base  and  ape: 
entire;  petiole  short,  slender;  secon 
or  twelve  pairs,  mainly  alternate,  cc 
curved  upward,  camptodrome;  lat< 
larger,  ovate-lanceolate,  stronglyune 
margin  slightly  undulate;  petiole  sl( 
ondaries,  probably  about  fourteen  p 
nate,  camptodrome;  nervilles  mainly 
oblique  to  the  secondaries. 

This  species  is  represented  by  s 
amples,  two  being  figured  which  ai 
to  represent  the  lateral  and  termin 
respectively.  The  terminal  leaflet 
meters  long  and  about  4  centimeters 
petiole  is  preserved  for  a  length  of  I 
limeters.  The  lateral  leaflet  was  p] 
or  14  centimeters  long  and  5.5  c 
wide;  it  has  the  petiole  for  a  lengt 
than  1  centimeter. 

I  take  pleasure  in  naming  this 
honor  of  Mr.  Edward  Wilber  Berry 
Hopkins  University,  who  has  done 
toward  the  elucidation  of  the  fossil  fl 
Atlantic  0)astal  Plain. 

Occurrence:  Raton  formation  i 
Primero,  Colo.  (PI.  LXXIII,  fig.  3) 
by  W.  T.  Lee  (5798);  Wootton, 
LXIII,  fig.  3),  collected  by  W.  T.  I 
Lagrange  formation  (Tertiary,  in  bed 
age),  Wickliffe,  Ky. 

Juglans  nigosa  Lesquereux. 

Plate  OXIL  figure  4. 

Juglans  rugosa  Lesquereux,  Am.  Jour.  Sci., 
45,  p.  206,  1868;  U.  S.  Geol.  Survey 
vol.  7  (Tertiary  flora),  p.  286,  pi.  8 
pi.  84,  figs.  1-9;  pi.  85,  figs.  1,  2,  187} 

This  species,   as  may  be  noted 
querenx's  figures,  is  very  variable,  sh 
siderable  range  in  size  and  config 
base.     Tlie  specimen  figured  here^; 
remarkably  well  with  Lesquereux'i- 
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and  7,  and  there  can  be  no  doubt  as  to  the  cor- 
rectness of  this  identification. 

Occurrence :  Raton  formation  (Tertiary) ;  one- 
eighth  mile  northeast  of  Rockland  mine,  local- 
ity 120,  north  side  of  Cucharas  Canyon,  Colo., 
collected  by  W.  T.  Lee  (5079);  Yankee,  X. 
Mcx.,  locality  85  (5142);  Apishapa  Canyon, 
-one-half  mile  west  of  Abeton,  Colo.  (5080) ;  lo- 
caUty  106,  near  Trinidad,  Colo.  (5697);  Woot- 
ton,  Colo.  (5711);  same  (5712);  same  (5714); 
dump  of  mine  at  Primero,  Colo.  (5798);  Wet 
Canyon  near  Weston,  Colo.  (5799);  Tercio, 
Colo.  (5802). 

Juglans  rhamnoides  Lesquerenx. 

Plate  LX VI,  figure  1. 

Juglans  rhamnoidcs  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Ann.  Rept..  1871,  p.  294, 1872;  idem,  1872,  pp.  382, 
400,  402,  1873;  U.  S.  Geol.  and  Geog.  Survey  Terr. 
Ann.  Rept.,  1874,  p.  307,  1876;  idem,  1876,  p.  517, 
1878;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull.,vol.  1, 
2d  ser.,  No.  5,  p.  370, 1876;  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7  (Tertiary  flora),  p.  284,  pi.  54,  figs.  6-9, 
1878;  idem,  vol.  8  (Cretaceous  and  Tertiary  flora), 
p.  235,  1884. 

Dawson,  Roy.  Soc.  Canada  Trans.,  vol.  3,  sec.  4, 
p.  31,  1886. 

Lesquereux,  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  22, 
1888;  Harvard  Coll.  Mus.  Comp.  Zoology  Bull., 
vol.  16,  p.  56,  1888. 

Knowlton,  U.  S.  Geol.  Survey  Bull.  105,  p.  58, 1893. 
Rhamnus  rossmdsaleri  Unger.  Lesquereux,  U.  S.  Geol. 
and  Gec^.  Survey  Terr.  Ann.  Rept.,  1874,  p.  314, 
1876;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull., 
vol.  1,  2d  ser.,  No.  5,  p.  388,  1876;  U.  S.  Geol. 
Sur\'ey  Terr.  Rept.,  vol.  7  (Tertiary  flora) ,  p.  283, 
pi.  54,  fig.  4,  1878. 

The  present  status  of  this  species  is  involved 
in  more  or  less  uncertainty.     It  appears  first 
to  have  been  described  in  1871,  based  on  speci- 
mens said  to  have  come  from  Evanston,  Wyo., 
below  the  main  coal.     In  the  following  year  it 
was  mentioned  by  Lesquereux  as  occurrmg  at 
Golden,  Colo.,  and  Black  Buttes  and  Evanston, 
Wyo.,  and  in  1875  a  single  small  leaf  was  re- 
ferred to  it  from  Point  of  Hocks,  Wyo.     None 
of  these  specimeas,  at  least  under  this  name,  is 
now   to    be   found    in   the   collections   of   the 
United  States  National  Museum,  and  it  seems 
more  than  likely  that  they  were  transferred  to 
other  forms  witliout  a  record  being  made  of 
such  transfer,  as  was  Lesquereux\s  occasional 
custom.     In  ^^The  Tertiary  flora,''  which  was 
supposed    to    represent  Lesquereux's   mature 
judgment  regarding    all  previously  described 
forms  falling  within  its  scope,  the  only  local- 


ities mentioned  are  Spring  Canyon,  Mont^,  and 
Black  Buttes  and  Point  of  Rocks,  Wyo.  Cf 
the  four  examples  he  figures,  aU  of  which  are 
before  me,  three  came  from  Black  Buttes  and 
one  from  Spring  Canyon.  In  preparing  my 
"Flora  of  the  Montana  formation,"  which  in- 
clude all  the  plant  horizons  at  Point  of  Rocks, 
Wyo.,  I  did  not  find  a  single  specimen  that 
could  be  referred  to  Juglans  rhamnoides,  and 
consequently  excluded  this  species  from  that 
work.  In  speaking  of  its  presence  here,  Les- 
quereux says :  ^ 

A  small  leaf  of  this  species,  which  is  not  yet,  however, 
definitively  limited,  as  seen  from  the  description  in 
Dr.  F.  V.  Hayden*8  Report  for  1871  (p.  294),  and  which 
may  be  identical  with  Juglans  leconteaTia  Lesquereux  and 
Comus  acuminata  Newberry.  Though  it  may  be  of  the 
value  of  the  species  the  leaf  from  Point  of  Rocks  is  iden- 
tical in  all  its  characters,  even  in  its  size,  with  some  of 
those  found  in  the  burned  beds  of  red  shales  at  Black 
Butte. 

It  appears  probable,  as  above  hinted,  that 
this  Point  of  Rocks  specimen  was  later  merged 
in  some  other  species  and  no  record  made  of 
such  disposition. 

When  I  reviewed  the  fossil  plants  of  the 
Bozeman,  Mont.,  coal  field,^  I  was  not  able  to 
find  the  figured  specimen  from  that  area,  but 
it  has  since  come  to  light,  preserved  on  thQ 
same  stone  with  a  figured  specimen  of  Cinnor- 
momum.  But  very  few  additional  specimens 
have  been  found  in  the  abundant  material  sub- 
sequently obtained  from  the  Bozeman  field. 

This  species  was  also  reported  by  Lesquereux' 
from  the  Tertiary  beds  at  Cherry  Creek,  Oreg., 
but  in  working  over  liis  material  *  I  did  not 
recognize  it  as  ])reseut  within  that  area.  Two 
specimens  were  referred  to  this  species  by  Les- 
quereux, but  they  could  not  subsequently  be 
so  recognized. 

Les([uereux  has  several  times  referred  to  the 
presence  of  Juglans  rhninnoides  in  the  Denver 
formation  at  Golden,  Colo.  None  of  this  ma- 
terial is  now  preser\'cd  in  the  United  States 
National  Museum,  nor  has  it  been  found  in  the 
abundant  recent  collections  from  the  Denver 
Basin.     The   specimens    so    referred    are    the 

>  On  some  new  species  of  fossil  plants  from  the  LignJtio  formations: 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Bull.,  vol.  1,  2d  ser.,  No.  6,  p.  370, 
1870. 

«  Knowlton,  F.  II.,  The  Laramie  and  the  overlying  Liyingston  forma* 
tion  in  Montana:  U.  S.  Geol.  Survey  Bull.  105,  p.  58, 1893. 

*  Recent  determinations  of  fossil  plants  from  Kentucky,  Louisiaiia, 
Oregon,  California,  Alaska,  etc.:  U.  S.  Nat.  Mus.  Proc.,  vol.  11, p. 22, 1889. 

«  KnoM-lton,  F.  n..  Fossil  flora  of  the  John  Day  Basin,  Oreg.:  U.  8. 
Geol.  Survey  Bull.  204, 1902. 
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property  of  the  Harvard  College  Museum  of 
Comparative  Zoology  and  I  have  not  seen  them. 

This  again  brings  up  the  consideration  of  the 
locahties  whence  came  the  figured  examples  of 
Juglans  rhamnoides^  namely  Black  Buttes, 
Wyo.,  and  Spring  Canyon,  near  Bozeman, 
Mont.,  these  being  the  only  localities  mentioned 
in  the  earlier  literature  that  I  am  at  present 
prepared  to  admit  for  this  species. 

In  the  collections  made  by  W.  T^  Lee  in 
Spring  Canyon,  Vermejo  Park,  N.  Mex.,  is  the 
single  example  here  figured,  which  is  indistin- 
guishable from  one  of  Lesquereux's  types  of 
this  species  (fig.  6).  Thus  the  species  becomes 
again  known  from  a  definitely  fixed  horizon. 

After  some  consideration  I  have  reduced 
Lesquereux's  determination  of  Bhamnus  roas- 
mdssleri  Unger  to  the  present  species.  The 
presence  of  this  European  species  in  American 
strata  (at  Black  Buttes,  Wyo.),  depends  on  a 
single  rather  poorly  preserved  specimen,  the 
original  of  Lesquereux's  figure  4,  which  is  pre- 
served in  the  United  States  National  Museum 
(No.  450).  It  has,  it  is  true,  a  strong  resem- 
blance to  certain  of  the  European  figures  of 
this  species,  but  it  has  also  just  as  strong  a 
likeness  to  Juglans  rhamnoides  of  Lesquereux, 
which  is  found  in  comparative  abundance  at 
the  same  locahty,  and,  as  already  pointed  out 
the  latitude  in  the  characterization  of  Juglans 
rhamnoides  will  permit  of  the  reception  of  the 
so-called  Rhamnus  rossmdssleri. 

Occurrence:  Black  Buttes  coal  group  (re- 
garded by  the  author  as  of  post-Laramie  age) ; 
types.  Black  Buttes,  Wyo.  Livingston  forma- 
tion (regarded  by  the  author  as  Tertiary); 
type,  "Spring  Canyon,  Mont.''  (  =  Hodsons 
coal  mine  on  Meadow  Creek,  12  miles  southeast 
of  Bozeman,  Mont.),  collected  by  A.  C.  Peale, 
1872;  same  locahty,  collected  by  Knowlton 
and  Peale,  1887.  Raton  formation  (Tertiary) ; 
Spring  Canyon,  north  of  Vermejo  Park,  N. 
Mex.,  collected  by  W.  T.  Lee  (5236). 

Juglans  sapindiformis  Knowlton,  n.  sp. 

Plato  LXV,  figure  3. 

Leaflet  narrowly  ovate-lanceolate,  very  ol)- 
tiLsoly  wedge  shaped,  and  apparently  slightly 
unequal  sided  at  base,  apex  apparently  acute; 
margin  perfectly  entire;  midrib  strong;  sec- 
ondaries numerous,  about  sixteen  or  eighteen 
pairs,  thin,  irregularly  spaced;  emerging  at  a 
very  low  angle  (30°  or  less),  not  much  curved 


upward,  strongly  camptodrome, 
inside  the  margin  and  each  joining 
above,  sometimes  with  one  or  mo 
loops;  finer  nervation  not  preserv 

The  example  here  figured  is  th< 
this  type  observed  in  the  collecti 
probably  about  12  centimeters  loi 
feet,  but  only  10  centimeters  is  no 
it  is  3.5  centimeters  wide.  It  is 
by  its  narrowly  ovate-lanceolate 
strongly  camptodrome  nervation. 

This  species  is  quite  similar  tc 
tusta  Heer,^  as  figured  from  the  Sa 
and  also  to  J,  acuminata  Heer,  fr 
horizon.*  From  the  former  it  < 
larger  size,  more  wedge-shaped  ba 
nxmierous  secondaries,  and  from 
its  narrower  shape,  though  a  fe 
referred  to  it  are  very  similar  in 
also  has  some  resemblance  to  certj 
SapinduSy  though  not  so  close  a  < 
with  Juglans. 

Occurrence:  Raton  formation 
Raynolds  mine  near  Yankee,  N.  A 
T.  32  N.,  R.  25  E.),  collected  b^ 
(5133). 

Juglans  sapindoides  Knowlton, 

Plate  LXV,  %ure8  4,  5. 

Leaflets  subcoriaceous  in  textu 
lanceolate,  rather  abruptly  narri 
shghtly  unequal  sided  base  and  m< 
to  the  acuminate  apex;  margin  ] 
tire;  midrib  strong,  straight;  secoi 
eight  pairs,  alternate,  at  a  low 
becoming  more  acute  above,  all  i 
upward, camptodrome;  finer nerva 

This  species  is  represented  by  a 
number  of  specimens,  two  of  which 
Of  these,  one  is  presumed  to  be  la 
other  terminal.  The  lateral  leafl 
9  or  10  centimeters  long  and  fror 
centimeters  wide,  and  the  one  tl 
the  terminal  leaflet  is  7.5  centime! 
3  centimeters  wide. 

It  is  with  some  hesitation  tha 
scribed  as  a  new  species  and  it 
that  it  is  referred  to  the  proper  . 
For  instance,  it  is  not  greatly  u 
that  have  been  at  times  referred 
rugosa  Lesquereux;  and  its  bast 
well  as  its  nervation  suggests  Ji 

1  Flora  tertiaria  Helvetiae,  vol.  3,  pis.  127  (figs.  40 
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peri  Lesquereiix/  from  the  Denver  and  Green 
River  formations,  though  from  this  it  diflfers 
in  being  shorter  and  much  less  prolonged  above. 
It  also  suggests  certain  forms  of  Sapindus  such 
as  S.  affinis  Newberry  and  S.  grandifoliolus 
Ward,  from  the  Fort  Union  formation,  and  for 
this  reason  it  has  been  given  the  specific  name 
sapindoides. 

Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  above  the  Woot- 
ton  coal  bed,  collected  by  W.  T.  Lee  (5711). 

Jnglans  schimperi  Lesquerenx. 

Plate  LXIV,  figure  1. 

Juglans  schimperi  I^esquereux,  U.  S.  GeoL  Survey  Terr. 
Ann.  Rept.,  1871,  SuppL,  p.  8,  1872;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  287, 
pi.  56,  figs.  5-10,  1878. 

Knowlton,  U.  S.  Geol.  Survey  Mon.  32,  pt.  2,  p.  688, 
1899;  U.  S.  Geol.  Survey  Bull.  204,  p.  34, 1902. 

Hollick,  A  report  on  a  collection  of  foeail  plants  from 
northwestern  Louisiana:  Louisiana  Geol.  Survey 
Special  Rept.  5,  p.  280,  pi.  33,  figs.  1,  2,  1899. 

Pcnhallow,  Report  on  Tertiary  plants  of  British  Colum- 
bia, p.  60,  Canada  Geol.  Survey,  1908. 

Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  pp.  182-183, 
pi.  18,  figs.  3-5;  pi.  19,  fig.  5,  1916. 

The  collections  from  Green  Canyon,  near 
Aguilar,  contain  a  specimen — the  one  here  fig- 
ured— that  is  certainly  the  same  as  one  of  the 
two  leaflets  (fig.  1)  figured  by  Hollick  mider 
this  name  from  the  "Eo-lignitic"  (Wilcox 
formation)  of  Coushatta,  La.  It  is  of  the  same 
size,  the  same  configuration  at  base,  and,  so 
far  as  can  be  made  out,  has  the  same  nerva- 
tion. It  also  has  the  same  shaped  base  as 
several  of  the  leaflets  figured  by  Lesquereux 
but  is  not  as  slenderly  acuminate  as  some  of 
the  other  leaflets  there  shown.  In  this  respect 
HoUick's  leaflet,  with  which  it  is  being  com- 
pared, also  differs  from  the  other  one  he  fig- 
ures. It  may  ultimately  be  necessary  to 
separate  them  from  Lesquereux  *s  species,  but 
in  the  absence  of  complete  series  of  specimens 
from  both  localities  it  is  best  to  refer  them  as 
above. 

Occurrence:  Raton  formation  (Tertiary); 
dump  of  Green  Canyon  mine,  locality  119, 
near  Aguilar,  Colo.,  collected  by  W.  T.  Lee 
(5684);  south  side  of  Dillon  Canyon,  N.  Mex., 
near  Blossburg,  collected  by  W.  T.  Lee  (5147); 
hillside  just  west  of  south  end  of  Raton  tunnel, 
north  of  Raton,  N.  Mex.,  collected  by  F.  H. 

» The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  287,  i 
pi.  56,  figs.  5-10, 1878. 


Knowlton  (5464);  Wootton,  Colo.,  coDected  by 
Orestes  St.  John;  south  ranch.  South  Raton 
Canyon,  N.  Mex.,  950  ±  feet  above  Trinidad 
sandstone,  collected  by  Orestes  St.  John.  Wil- 
cox formation  (Tertiary);  common. 

Order  SAUCALES. 

FamUy  SALICACEAE. 

Popnlus  neotremuloides  Knowlton,  n.  sp. 

Plate  LXVI,  figure  2. 

Leaf  of  large  size,  clearly  coriaceous  in  tex- 
ture, nearly  circular  in  general  outline,  cordate 
at  base,  roimded  and  abruptly  acuminate  at 
apex;  margin  entire  at  base,  becoming  remotely 
and  but  slightly  toothed  or  merely  undulate  in 
the  extreme  upper  portion;  midrib  very  thick 
and  strong,  slightly  flexuose;  secondaries  four 
pairs,  the  lowest  pair  very  strong,  alternate, 
much  curved  upward,  one  arising  nearly  at  the 
base  of  the  blade  and  the  other  a  short  distance 
above,  each  with  about  four  camptodrome 
branches  on  the  lower  side,  which  curve  up- 
ward and  join  by  a  broad  bow  well  inside  the 
margin  and  send  slender  tertiary  branches  to 
the  low  teeth;  next  secondaries  strong,  arising 
at  an  angle  of  about  45°,  much  curved  upward 
and  provided  with  two  or  three  camptodrome 
branches  on  the  lower  side;  upper  branches  re- 
mote, thin,  joining  the  lower  pair;  nervilles 
strong,  mainly  percurrent,  and  at  right  angles 
with  the  midrib;  finer  nervation  not  retained. 

This  splendid  species  is  represented  by  the 
single  leaf  figured.  It  is  approximately  circu- 
lar in  outUne,  or  possibly  a  little  broader  than 
long.  Its  length  is  11  centimeters  and  its 
width  probably  a  Uttle  greater.  Its  petiole  is 
not  preserved,  but  the  midrib  indicates  that  it 
was  undoubtedly  very  thick  and  strong. 

This  species  is  not  only  referred  without 
hesitation  to  the  genus  PopuluSj  but  it  is  very 
closely  related  indeed  to  the  living  P.  tremu- 
hides  Michaux,  the  well-known  aspen.  Most 
leaves  of  P.  tremuhides  are  much  smaller  than 
those  of  P.  neotremuloides f  but  some  on  vigor- 
ous sprouts  are  as  large,  or  even  larger.  The 
smaller  ordinary  Uving  leaves  are  regularly  and 
finely  toothed,  but  the  larger  leaves  are  only 
remotely  toothed  and  in  some  speoimena  are 
only  undulate,  thus  agreeing  perfectly  with 
those  of  the  fossil.  The  thick  midrib,  the 
three  or  four  pairs  of  camptodrome  secondaries, 
and  the  arrangement  of  tertiary  branches  and 
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nervilles  are  all  strikingly  similar  to  those  of 
the  fossil  species. 

In  size  and  general  appearance  this  species  is 
quite  like  certain  leaves  referred  to  Viiis  creruita 
Heer,  such,  for  instance,  as  that  figured  by 
Heer^  from  the  Eocene  (Kenai  formation)  of 
Alaska,  and  it  would  seem  that  this  latter 
should  more  properly  be  referred  to  Pofvlus, 
being  especiaUy  Uke  P.  ricJiardsoni. 

OcciUTence:  Raton  formation  (Tertiary); 
dump  of  mine  at  Primero,  Colo.,  collected  by 
W.  T.  Lee  (6798). 

Popvlus,  female  ament 

Plate  LXVI,  figure  3. 

In  dose  association  with  certain  leaves  of 
poplar  there  is  the  fruiting  ament,  with  its 
counterpart,  that  is  here  figured.  Its  length  is 
about  6  centimeters.  The  numerous  capsules, 
which  are  disposed  along  a  rather  thick  axis, 
are  ovate  in  shape  (about  6  or  7  millimeters 
long)  and  are  apparently  two  valved,  though 
this  last  observation  is  not  very  well  authen- 
ticated. It  is  not  sufficiently  well  preserved  to 
permit  very  full  or  satisfactory  description,  and 
it  is  presented  here  merely  to  show  that  this 
type  is  present  in  these  beds  and  thus  lend 
support  to  the  correctness  of  the  identification 
of  foliar  organs. 

Occurrence:  Raton  formation  (Tertiary); 
dimip  of  Green  Canyon  mine,  locality  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

Order  FAGALES. 
FamUy  FAOACEAB. 

Fagus  papyracea  Knowlton,  n.  sp. 

Plato  LXVIII,  figure  1. 

Leaf  large,  membranaceous  in  texture,  ovate 
in  outline,  abruptly  roimded  to  the  acute  apex 
(base  not  seen);  margin  sinuate  toothed,  the 
teeth  low,  acute,  or  nearly  blunt,  separated  by 
very  shallow  sinuses;  midrib  slender;  second- 
aries mainly  alternate,  rather  thin,  at  an  angle 
of  about  45°,  Uttle  curved  upward,  occasionally 
once  or  twice  forked,  craspedodrome,  and  end- 
ing in  the  marginal  teeth;  finer  nervation  not 
retained. 

The  single  broken  example  figured  is  all  that 
has  been  observed  of  this  species.  It  was 
probably  about  12  centimeters  or  more  in 
length  and  about  7  centimeters  in  width,  and 

*  Flora  fossilis  arctica,  vol.  2  (Flora  fossilis  alaskana),  pi.  8.  Hg.  6, 1896. 


is  imequal  sided,  one  side  being  much 
and  having  smaller,  lower,  and  slight] 
teeth. 

Occurrence:  Raton  formation  (' 
Green  Canyon  mine,  locality  119,  nea 
Colo.,  collected  by  W.  T.  Lee  (5684). 

Castanea  intermedia  Lesqnerenx. 

Plate  LXVIII,  figure  2. 

Castanea  intermedia  Lesquoreux,  U.  S.  Geol 
Survey  Terr.  Bull.,  vol.  1, 2d  ser..  No.  5, 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
1876;  U.  S.  Geol.  Survey  Terr.  Rept., 
tiary  flora),  p.  164,  pi.  21,  fig.  7,  1878. 

This  species  is  said  to  have  come  fn 
Park,  Colo.,  in  beds  there  thought  to 
River  in  age,  but  it  has  not  since  beei 
from  there,  and  from  later  knowled 
geology  of  Middle  Park  it  se^ms  r 
probable  that  it  oame  from  beds  of  Di 
The  present  specimen  agrees  perfectb 
figured  typo  except  that  the  marginal 
not  quite  so  sharp;  the  margin,  howe 
well  preserved. 

Occurrence:  Raton  formation  ( 
Wootton,  Colo.,  50  to  100  feet  a 
Wootton  coal  bed,  collected  by  W 
(5712). 

Qoercus  fisheriana  Knowlton,  n.  fi 

Plate  LXVIII,  figures  3,  4. 

Leaves  rather  small,  membrani 
texture,  oblong  in  general  outline,  a 
wedge  shaped  at  base,  strongly  five 
lateral  lobes  at  an  angle  of  about  4 
separated  by  broad  rounded  sinuses 
lobe  largest,  very  acute;  midrib  light 
secondaries  two  pairs,  thin,  at  an  anj 
craspedodrome,  ending  in  the  tips  of 
lobes;  nervilles  strong. 

This  species  is  represented  by  fo 
all,  unfortunately,  too  fragmentary 
thoroughly  satisfactory  conception  o 
plete  form.  It  appears  that  the 
broadly  speaking,  oblong  in  gener 
and  was  at  least  five  lobed — that  is,  i 
lobes  on  each  side  and  a  stronger  ct 
Its  length  was  about  8  or  9  centin 
its  width  between  the  tips  of  the  u 
about  4  centimeters.  The  lower  lo 
only  specimen  in  which  it  can  b< 
mated,  was  at  least  2  centimeters 
one  specimen,  in  which  the  three  u 
are   well   preserved,    the   lower   lob 
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very  much  larger;  but  this  appearance  may 
be  due  to  overlap  by  another  leaf  so  closely 
matched  that  it  is  difficult  to  discriminate  it. 
If  this  lateral  lobe  really  belongs  to  the  speci- 
men the  leaf  is  very  much  larger  than  other 
specimens  indicate.  This  species  is  not  well 
estabhshed,  but  it  can  be  recognized  in  futiu-e 
by  the  wcU-preserved  upper  portion,  which  is 
shown  in  the  figures. 

This  species  undoubtedly  belongs  to  the  red 
oak  (rubra)  type  of  hving  leaf. 

Among  American  fossil  oaks  Q.  Jisheriana  is 
perhaps  closest  to  what  Lesquereux  has  identi- 
fied as  Q,  an^ustiloba  Alexander  Braun,  from 
the  Laramie  formation  at  Golden,  Colo.,  biit 
Q.  jisheriana  is  smaller  and  has  very  much 
shorter  and  more  obtuse  lobes.  The  nervation 
is  much  the  same  in  both. 

Occurrence:  Raton  formation  (Tertiary); 
floor  of  Fishers  Peak  mine,  3  miles  southeast 
of  Trinidad,  Colo.,  collected  by  G.  B.  Richard- 
son's party  (5099). 

Qnercus  simplex  Newberry. 

Plate  LXX,  figure  3. 

This  leaf  appears  to  approach  most  closely 
to  Quercus  simplex  Newbeny  *  from  Bridge 
Creek,  Oreg.,  except  that  it  is  twice  as  large. 
It  has  absolutely  no  nervation,  except  the 
midrib.  Another  leaf  from  the  same  place  is 
very  much  hke  the  type. 

In  the  collection  from  the  canyon  west  of 
Old  Rouse,  Colo.,  there  are  several  other  spec- 
imens that  are  certainly  referable  to  Q.  simphx. 
They  are  much  smaller  than  the  Vermejo 
Creek  specimens  and  but  httle  larger  than  the 
type  figure  and  have  the  secondary  nervation 
well  preserved.  They  agree  in  this  respect 
with  the  type. 

Occurrence:  Raton  formation  (Tertiary); 
Vermejo  Valley  near  the  mouth  of  Salyers 
Creek,  N.  Mex.,  collected  by  W.  T.  Lee  (5826) ; 
canyon  west  of  old  town  of  Rouse,  Colo.,  about 
300  feet  above  the  base  of  the  Raton  formation, 
collected  by  W.  T.  Lee  (5683). 

Quercus?  neomexicana  Knowlton,  n.  sp. 

Plate  LXX,  figure  5. 

Leaf  thick  in  texture,  broadly  ovate  or 
orbicular-ovate  in  outUne,   abruptly  rounded 

>  Newberry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  S. 
Oeol.  Survey  Mod.  35,  pi.  63,  fig.  6;  1S98. 


and  truncate  at  base,  apparently  obtusely 
pointed  at  apex;  margin  entire  at  base,  then 
undulate  toothed,  the  teeth  low  and  rounded 
and  the  sinuses  shallow;  midrib  very  thick, 
especially  below;  secondaries  eight  or  nine 
pairs,  mostly  alternate,  at  almost  a  right 
angle,  considerably  curved  upward,  apparently 
craspedodrome  but  obscure  on  this  point; 
finer  nervation  not  retained. 

The  single  example  figured  is  all  that  has 
been  discovered,  but  fortunately  it  is  nearly 
perfect  and  thus  gives  a  fairly  good  idea  of  the 
species.  It  was  evidently  a  thick  leaf,  broadly 
ovate  in  shape,  with  truncate  base  and  appa- 
rently pointed  apex.  The  length  was  about 
12  centimeters  and  the  width  8.5  centimeters. 

Occurrence:  Raton  formation  (Tertiary); 
near  Yankee  (sec.  29,  T.  32  N.,  R.  25  E.), 
N.  Mex.,  locality  85,  coUected  by  W.  T.  Lee 
(5142). 

Quercus?  ratonensis  Knowlton,  n.  sp. 

Plate  LXIX,  figures  6,  7. 

Leaf  ovate-lanceolate,  abruptly  roun'ded  to  a 
very  obtusely  wedge-shaped  base,  long  and  taper 
pointed  above;  midrib  very  tliick,  especially 
below;  secondaries  thin,  numerous  (fifteen  to 
twenty  pairs),  alternate,  at  an  angle  of  about 
45°,  curving  upward,  camptodrome,  arching 
well  inside  the  margin  and  joining  the  one  next 
above,  with  a  series  of  loops  outside;  nervilles 
numerous,  irregular. 

This  species  is  represented  by  two  fragmen- 
tary specimens  only,  which  fortunately  show 
both  basal  and  apical  portions.  The  leaf  was 
apparently  ovate-lanceolate  \\'ith  a  rounded  and 
obtusely  wedge-shaped  base  and  a  narrowly 
acuminate  or  taper-pointed  apex.  The  nerva- 
tion is  rather  striking,  consisting  of  a  very  thick 
midrib  and  very  numerous  thin  camptodrome 
secondaries.  In  the  narrowed  apical  portion 
of  the  blade  the  secondaries  run  up  for  long  dis- 
tances before  joining  the  ones  next  above.  The 
length  of  the  leaf  was  apparently  18  or  20  cen- 
timeters and  the  width  about  6  centimeters. 

The  reference  of  these  leaves  to  the  genus 
Quercus  is  extremely  doubtful,  though  they  are 
certainly  very  similar  to  certain  of  the  entire 
leaves  referred  to  Q.  lyeUi  Heer,'  from  the  upper 
Atanekerdluk  of  Greenland.  They  are,  how- 
ever, much  larger  and  broader  than  Q.  lyeUi  and 

s  Flora  fossilis  arctica,  vol.  7,  pi.  72,  figs.  1-10, 1883. 
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have  more  regular  secondaries,  though  the  t3rpe 
of  these  as  well  as  the  irregular  character  of  the 
finer  nervation  is  very  much  the  same. 

In  certain  respects  the  two  leaves  figured  have 
some  resemblance  to  Juglans  schimperi  Les- 
qnereux,*  but  they  are  much  larger,  broader, 
and  apparently  not  at  all  unequal  sided. 

Occurrence:  Raton  formation  (Tertiary); 
Honeyfield  mine  near  Yankee,  N.  Mex.,  75  feet 
above  the  base  of  the  Raton  formation,  col- 
lected by  W.  T.  Lee  (5140) .  Wilcox  formation 
(Tertiary) ;  near  Coushatta,  La. 

Dryophyllum  aquamarum  7  Ward. 

Plate  LXX,  fig.  2. 

Dryophyllum  aquamarum  Ward,  U.  S.  Geol.  Survey  Sixth 
Ann.  Kept.,  p.  551,  pi.  37,  figs.  3-6,  1886;  U.  S. 
Geol.  Survey  Bull.  37,  p.  27,  pL  10,  figs.  2-4,  1887. 

The  example  here  figured  from  Wootton, 
Oplo.,  appears  to  belong  to  Ward's  Dryophyllum 
dguamarum,  but  as  the  margin  is  so  poorly  pre- 
served as  to  be  made  out  with  difficulty  the 
reference  has  been  questioned.  In  size,  appar- 
ent shape,  and  nervation  this  leaf  is  undoubt- 
edly similar  to  Ward's  figure  4.  The  species 
was  described  originally  from  Black  Buttes, 
Wyo.,  in  the  Black  Buttes  coal  group,  regarded 
by  the  author  as  post-Laramie  in  age;  it  is  per- 
haps identical  with  DryophyUum  subfalcatum 
Lesquereux. 

Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  above  the  Woot- 
ton coal  bed,  collected  by  W.  T.  Lee  (5712). 

DryophyUum  moorii  (Lesquereux)  Berry. 

Plate  LXX,  figure  1. 

Quercus  moorii  Lesquereux,  Am.  Fhilos.  Soc.  Trans.,  vol. 
13,  p.  415,  pi.  16,  figs.  1-3,  1869;  U.  S.  Nat.  Mus. 
Proc.,  vol.  11,  p.  31,  1888. 

Dryophyllum  moorii  (Lesquereux)  Berry,  U.  S.  Geol.  Sur- 
vey Prof.  Paper  91,  pp.  190-191,  pi.  22,  fig.  1;  pi.  23, 
figs.  1,  2,  1916. 

This  species  was  described  by  Lesquereux  as 

follows: 

Leaves  coriaceous,  oblanceolate  or  ovate-oblong,  elon- 
gate, subobtuse;  margins  remotely  and  slightly  toothed; 
secondaries  at  a  low  angle  of  emergence,  curved,  craspe- 
dodrome. 

To  this  it  may  bo  added  that  the  lower  sec- 
ondaries are  nearly  opposite  and  at  almost  a 
right  angle,  and  that  above  they  become  alter- 

»  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pi.  56, 
-figs.  5,9, 1878. 


nate  and  much  more  distant.  The  nc 
very  strong,  at  right  angles  to  the  se 
and  mainly  unbroken. 

The  leaf  here  shown  is  almost  per 
ing  only  the  apical  portion.  It  is  a 
with  the  larger  of  the  three  figured  ty 
presumably  of  about  the  same  shap 
the  type  is  fragmentary  below.  In  t 
of  outline,  remotely  toothed  margin, 
close-parallel  craspedodrome  second 
strong  nervilles  they  agree  satisf actoi 

Occurrence:  Wilcox  formation  ( 
types,  Mississippi.  Raton  format 
tiary);  Vermejo  Creek,  locality  23a 
miles  northwest  of  Dawson,  N.  Mex. 
by  W.  T.  Lee  (5827),  on  same  st 
Sdbalf  ungeri. 

DryophyUum  tennesseensis  Berr) 

Plate  LXIX,  figures  3-^. 

Dryophyllum  tennesseensis  Berry,  U.  S.  Geol.  I 
Paper  91,  p.  192,  pi.  19.  fig.  6;  pi.  20,  fi^ 
figs.  1,  4,  5;  pi.  22,  fig.  2,  1916. 

Leaves  coriaceous,  linear-lanceol 
and  wedge  shaped  at  base,  acuminata 
margin  entire  for  a  short  distance  at 
sharply  serrate;  midrib  relatively  st 
ondaries  very  numerous,  about  1 
twenty  pairs,  mainly  alternate,  at  ai 
60°  or  70®,  straight,  occasionally  for 
pedodrome,  ending  in  the  marginal  tc 
nervation  not  retained. 

This  fine  little  species  is  represer 
large  number  of  specimens,  but  mos 
are  badly  broken.  The  length  is  fro 
centimeters  and  the  width  from  6  tc 
meters.  It  is  well  marked  by  its 
long  narrow  shape,  finely  serrate  mj 
numerous  acute-angled  secondaries. 

This  species  is  imdoubtedly  most  < 
la  ted  to  Quercus  breweri  Lesquereux,^ 
once  merged  with  Q,  consimUis  Newbe 
the  Clamo  formation  (Eocene)  of  the 
Basin,  Oreg.  It  differs  slightly  from  i 
however,  in  its  generaUy  narrower  shi 
and  rather  larger  teeth,  and  more  aci 
secondaries. 

Occurrence:  Raton  formation  (Te 
mile  southwest  of  Rugby,  Colo.,  170  1 

*  Tho  Cretaceous  and  Tertiary  floras:  U.  8.  Geol.  Surv 
vol.  8,  p.  246,  pi.  54,  figs.  5-8,  1883. 

*  The  later  extinct  floras  of  North  America:  U.  S.  Gee 
35,  p.  71,  pi.  43,  figs.  2-5,  1898. 
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the  Trinidad  sandstone,  collected  by  G.  B. 
Richardson^s  party  (5128).  Wilcox  formation 
(Eocene) ;  Mississippi,  Arkansas,  Tennessee, 
and  Kentucky. 

Order  TJSTICALES. 
FamUy  ULMACEAS. 

Ulmus  sp. 
Plate  LXX,  figure  4. 

In  the  material  from  Powell  Arroyo,  near 
Bowen,  C!olo.,  a  single  fragmentary  example 
was  foimd,  which  with  little  doubt  belongs  to 
Ulmus.     It  is  evidently  miequal  sided,  about 

6  centimeters  long  and  3  centimeters  wide,  and 
has  its  margin  coarsely  toothed  with  rather 
blimt  teeth.  There  was  probably  about  eight 
pairs  of  alternate  rather  strong  secondaries, 
which  end  in  the  teeth  and  send  short  forks  to 
the  sinuses. 

This  form,  so  far  as  can  be  ascertained,  was 
about  the  same  size  as  Vhnus  tenuinervis 
Lesquereux,*  and  has  much  the  same  nervation 
but  much  coarser  teeth. 

Occurrence:  Raton  formation  (Tertiary); 
Powell  Arroyo,  3  miles  west  of  Bowen,  Colo., 
collected  by  W.  T.  Lee  (5695) . 

FamUy  MORACSAE. 
Ficus  artocarpoides  Lesquereaz. 

Plate  LXXI,  figure  3. 

Ficus  artocarpoides  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Kept.,  vol.  8  (Cretaceous  and  Tertiary  floras),  p.  227, 
pi.  47,  figs.  1-5,  1883. 
Berry,  U.S.  Geol.  Survey  Prof.  Paper  91,  p.  200,  pi.  34, 
fig.  2,  1916. 

Lesquereux's  original  description  is  as  fol- 
lows: 

Leaves  large,  subcoriaceous,  oval,  obtuse,  or  blunt  at  the 
apex,  rounded  or  subcordate  at  base;  median  nerve  thick, 
enlarged  at  base  and  passing  into  a  very  thick  long  petiole; 
secondary  nerves  narrow,  at  an  acute  angle  of  divergence, 
camptodrome,  with  few  branches;  nervilles  close,  simple 
or  rarely  forked. 

The  types  of  this  species  are  described  as 
being  from  10  to  15  centimeters  in  length  and 

7  or  8  centimeters  in  width,  with  4  centimeters 
of  the  petiole  preserved.  The  leaf  from  Wootton 
that  is  here  figured  was  probably  fully  15  centi- 
meters in  length  and  about  8.5  centimeters  in 
width;  and  the  petiole,  6  centimeters  long  and 
4  millimeters  thick,  is  preserved  in  its  entirety. 

» The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Kept.,  vol.  7,  pi.  2r>, 
fig.  3, 1878. 


Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  below  the 
Wootton  coal,  collected  by  W.  T.  Lee  (571  !)• 
Wilcox  formation  (Tertiary) ;  Coushatta,  La. 

Ficus  aguilar  Knowlton,  n.  sp. 

Plate  LXXI,  figure  1. 

Leaves  large,  very  thick  and  coriaceous  in 
texture,  oblong-lanceolate  in  shape,  rather 
abruptly  roimded  to  the  extremely  thick 
petiole  (apex  imknown) ;  margin  perfectly  en- 
tire; midrib  unusally  thick — 5  millimeters  at 
base — perfectly  straight  but  ^Ughtly  thinner 
above;  secondaries  numerous  (probably  eight- 
een or  twenty  pairs),  at  somewhat  irregidar 
distances,  Emerging  at  a  very  low  Angle,  con- 
siderably curved  upward,  apparently  ending 
in  or  very  near  the  margin;  finer  nervation 
obscure,  nervilles  apparently  numerous,  \m- 
broken,  and  at  right  angles  to  the  secondaries. 

The  specimen  figured  is  all  that  can  certainly 
be  referred  to  this  species.  The  full  length  of 
the  leaf  can  not  be  ascertained,  for  its  upper 
portion  is  missing;  but  there  is  no  indication 
of  narrowing  in  the  part  preserved,  and  it  was 
probably  at  least  as  long  again,  or  about  24 
centimeters;  its  width  is  9  centimeters.  About 
1  centimeter  of  the  petiole  is  preserved  but  part 
is  clearly  missing. 

This  leaf  is  remarkable  for  its  large  size^ 
oblong-lanceolate  outline,  exceedingly  thick 
petiole  and  midrib,  and  numerous  thin  low- 
angled  secondaries,  and  by  these  characters  is 
shown  to  be  of  the  t}"pc  of  the  hving  Ficus 
elastica  Linn6.  Among  fossil  species  there 
are  many  with  wliich  it  may  be  compared. 
Tims  Ficus  glascoena  Lesquereux,^  from  the 
Dakota  sandstone  of  Kansas,  has  approxi- 
mately the  same  size  and  shape  and  the  same 
exceedingly  thick  midrib  but  differs  distinctly 
in  its  secondaries,  of  which  it  has  more  than 
twice  as  many.  The  secondaries  in  F.  gldscoenc^ 
are  also  thinner  and  Uttlo  if  any  curved  upward 
near  the  margin. 

F.  aguilar  is  perhaps  closer  to  Ficus  ungeri 
Lesquereux,  from  the  Green  River  formation  of 
Wyoming,  but  (Hffers  from  it  in  its  larger  size,  its 
much  thicker  midrib  and  petiole,  and  its  rather 
fewer,  relatively  stronger  secondaries. 

«  The  flora  of  the  Dakota  group:  U.  S.  Geol.  Survey  Moo.  17,  p.  ?8^ 
pi.  13,  figs.  1,  2, 1892. 
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Occurrence:  Raton  formation  (Tertiary); 
dump  of  Green  Canyon  mine,  locality  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

Fleas  ancata  Lesqnereox. 

Plate  LXXVI,  figure  2. 

Ficus  ulmifolia  Lesquereux,  U.S. Geol. Survey  Terr. Ann. 

Kept.,  1871,  Suppl.,  p.  14,  1872. 
Ficus  gaitdini    (not   Ettingshausen),  Lesquereux  idem, 

p.  300. 
Ficus  uncata  Lesquereux,  U.  S.  Geol.  Survey  Terr.  Kept., 

vol.  7  (Tertiary  flora),  p.  197,  pi.  35,  figs.  1,  la,  2, 

1878. 
Ficus  arenacta    brevipetiolata   Liesquereux,   U.   S.   Geol. 

Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  195,  pi. 

29,  figs.  2,  3,  5,  1878. 
Popuhismonodon  Lesquereux,  idem,  p.  180,  pi.  24,  figs.l,  2. 
Ficus  monodon  (Lesquereux)  Berry,  U.  S.  Geol.  Survey 

Prof.  Paper  91,  p.  201,  pi.  32,  fig.  2;  pi.  33,  fig.  2, 

1916. 

Leaves  large,  coriaceous  in  texture,  quite  en- 
tire, broadly  lanceolate  or  ovate-lanceolate, 
acuminate,  rounded  to  the  base,  with  thick 
petiole  grooved  in  many  specimens,  midrib 
broad  and  thick  and  grooved  in  many  speci- 
mens; secondaries  numerous,  strong,  subequi- 
distant,  parallel,  camptodrome;  nervilles  strong, 
lai^ely  imbroken. 

As  may  be  seen  from  the  extensive  synonymy 
above  recorded,  very  great  confusion  has  ex- 
isted regarding  the  leaves  here  brought  to- 
gether under  the  name  of  Ficus  uncata,  and  it 
is  by  no  means  certain  that  they  are  even  now 
finally  allocated,  and  in  addition  there  is  more 
or  less  uncertainty  regarding  localities,  as  will 
be  pointed  out  later. 

The  type  specimens  of  Ficus  uncata  are  pre- 
served in  the  United  States  National  Museum 
(Nos.  298,  299,  300).  In  the  origmal  descrip- 
tion (published  under  the  preoccupied  name  of 
Ficus  ulmifolia),  these  specimens  are  said  to 
have  come  from  "Fishers  Peak,  Raton  Moun- 
tains, N.  Mex.,"  being  so  recorded  in  the  Mu- 
seum catalogue  in  Lesquereux's  handwriting; 
and  there  is  no  reason  to  doubt  the  correctness 
of  the  statement,  as  the  matrix  agrees  perfectly 
with  that  of  others  from  that  locality.  In  '^  The 
Tertiary  flora ^^  (p.  197,  PI.  XXXV)  the  origi- 
nals of  figures  1  and  2,  shown  above  to  be  the 
types,  are  said  to  have  come  from  Carbon, 
Wyo.,  having  been  found  "in  the  shale  above 
the  main  coal,'*  and  figure  3  (probably  fig.  la, 
there  being  no  Ficus  on  this  plate  with  the  No. 
3)  is  alone  said  to  be  from  the  Raton  Mountains. 
This  statement  is  certainly  wrong,  and  is  so 


shown  to  be  not  only  by  the  sp 
selves  and  by  the  entry  in  the 
logue  but  by  the  original  desc: 
clearly  proves  that  these  are  i 
figured.  The  species  has  never 
Carbon,  Wyo.,  and  is  undoubt< 
Raton  Mountains. 

Ficus  arenacea  brevipetiolata 
represented  by  three  figures  in  ' 
flora"  (PI.  XXIX,  figs.  2,  3,  5) 
original  specimens  in  the  Unit< 
tional  Museum  (Nos.  260,  260a). 
(described  under  the  preoccuj 
Ficu^  gaudini)  are  preserved 
shaly,  fine-grained  whitish  sands 
from  an  imknown  locality  of  whic 
says:  "The  precise  locality  is 
labels  having  been  lost  or  forj 
locality  was  vaguely  conjecturec 
Green  River  formation,  and  t 
were  subsequently  so  assigned  w 
question.  It  is  highly  improba 
really  came  from  the  Green  I 
species  has  not  been  found  in  tl 
and  the  finding  of  what  is  unc 
species  in  the  Raton  Mesa  rq 
reasonably  probable  that  the  or 
was  not  far  away,  though  the  oi 
will  probably  always  remain  unki 
event  it  seems  impossible  to  dis 
leaves  from  those  of  Fums  uncati 
the  same  rounded  form  at  base,  1 
midrib,  and  the  same  close  parall 
FiciLS  uncata  is  said  to  be  especii 
ized  by  the  short  hooked  petiol 
manifestly  a  character  of  little 
position  of  the  leaf  on  the  branch 
determine  the  shape  of  the  peti 
accoimt  for  its  hooked  form. 

Populus  monodon  Lesquereux  ^ 
originally  from  the  "  Eo-lignitic ' 
mation)  of  Mississippi,  and  is  fi| 
scribed  by  its  author  as  having  tl 
dulate  or  even  somewhat  tooth 
Tertiary  flora*'  (PI.  XXIV,  figs.  1 
are  figured  from  Fishers  Peak, 
tains,  under  the  name  of  Populus 
as  may  be  seen  on  comparing  the 

»  Fossil  flora:  U.  S.  Geol.  Survey  Terr.  Ann.  Re 
1872. 

*  Lesquereux,  Leo,  On  species  of  fossil  plants  f  n 
State  of  Mississippi:  Am.  Philos.  Soc.  Trans.,  vol 
1, 2,  1869. 
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the  originals  from  Mississippi,  they  can  hardly 

be  considered  as  conspecific,  and  with  very 

little   doubt   they   are   correctly  referable   to 

Ficus    uncata.     Both    are    preserved    in    the 

United   States   National  Museum    (Nos.   217, 

218),  and  the  matrix  is  seen  to  be  absolutely 

the  same  as  that  bearing  the  types  of  F.  uncata. 

One  of  the  figures  (fig.  1)  is  not  quite  accurate, 

the  apparent  sinus  on  the  side  being  simply  a 

broken  place  and  not  showing  true  margin. 

The  leaf  here  figured  from  near  Abeton,  Colo., 
is  not  to  be  distinguished  from  one  of  the  leaves 
figured  by  Lesquereux  as  Ficus  uncata  hrevi- 
petiolata.  It  is  smaller  than  the  three  figured 
types  of  F,  uncata,  but  it  is  of  the  same  type. 
Occurrence:  Raton  formation?  (Tertiary); 
types,  ^'Fishers  Peak,  Raton  Mountains,  N. 
Mex.^^  R^,ton  formation  (Tertiary);  Apishapa 
Canyon,  about  4  miles  northeast  of  Abeton, 
Colo.,  near  top  of  Raton  formation,  collected 
by  W.  T.  Lee  (5689). 

Ficus  duplicata  Knowlton,  n.  sp. 

Plate  LXXrV,  figure  1. 

This  species  is  very  closely  similar  to  and  may 
possibly  be  the  same  as  Fi<ms  aguilar  from  the 
same  locaUty.  It  diflFers  from  that  form  ap- 
parently in  being  sUghtly  ovate-lanceolate  and 
in  having  a  much  thinner  petiole  and  midrib, 
although  both  are  relatively  strong.  The 
secondaries  are  of  about  the  same  nimiber, 
though  they  emerge  at  a  much  greater  angle 
and  are  riot  much  curved  upward. 

Occurrence:  Raton  formation  (Tertiary); 
dump  of  Green  Canyon  mine,  locality  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

Ficus  occidentaiis  (Lesquereux)  Lesquereux. 

Plate  LXXII,  figure  1. 

Dombeyopsis  occidentaiis  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Ann.  Rept.,  1872,  p.  380,  1873. 

Ficus  occidentaiis  (Lesquereux)  Lesquereux,  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  200, 
pi.  32,  fig.  4,  1878;  Harvard  ColL  Mus.  Comp. 
Zoology  Bull.,  vol.  16,  p.  50,  1888. 

The  tjrpo  of  this  species  from  the  Denver 
formation  at  Golden,  Colo.,  is  preserved  in  the 
United  States  National  Museum  collections 
(No.  281).  It  appears  to  be  rather  rare, 
although  Lesquereux  records  the  presence  of 
five  specimens  in  the  large  collections  which 
he  identified  for  the  Harvard  CoDege  Museum 
of  Comparative  Zoology,  at  Cambridge,  and 


the  writer  found  another  much  smaller  but 
otherwise  well-marked  specimen  in  recently 
studied  collections.  The  collection  from  Dillon 
Canyon,  N.  Mex.,  contains  two  examples,  one 
of  which  certainly  belongs  here.  The  one 
figured  is  a  little  larger  than  Lesquereux's 
type  but  otherwise  agrees  with  it  perfectly. 
Occurrence:  Denver  formation  (Tertiary); 
type,  Golden,  Colo.  Raton  formation  (Terti- 
ary) ;  west  side  of  Dillon  Canyon,  near  Blo&- 
burg,  N.  Mex.,  1  mile  north  of  mouth  of  Coal 
Canyon,  collected  by  W.  T.  Lee  (5147).  Ack- 
erman  formation  (Tertiary);  Hurleys,  Benton 
Coimty,  Miss.  Midway  formation ?  (Tertiary); 
Earle,  Tex. 

Ficus  harrisiana  Hollick? 

Ficus  harrisiana  HoUick,  A  report  on  a  collection  of  fosail 
plants    from    northwestern    Louisiana:    Louisiana 
Exper.  Sta.,  pt.  5,  p.  281,  pi.  46,  fig.  2,  1899. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  201,  pi. 
34,  fig.  1,  1916. 

A  single  example  from.  Dillon  Canyon,  N. 
Mex.,  is  probably  best  referred  to  this  form. 
It  is  very  closely  related  to  and  was  at  first 
referred  to  Ficus  occidentaiis  Lesquereux,  but 
it  is  maintained  as  distinct  by  Berry  in  his 
recent  work. 

Occurrence:  Raton  formation  (Tertiary); 
west  side  of  Dillon  Canyon,  N.  Mex.,  1  mile 
north  of  mouth  of  Coal  Canyon,  collected  by 
W.  T.  Lee  (5147).  WUcox  formation  (Ter- 
tiary); Vineyard  BluflF,  Shreveport,  La. 

Ficus  denveriana  Cockerel!. 

Plate  T.XXV,  figures  1,  2. 

Ficus  spectahilis  Lesquereux  (homonym,  Ficus  spectnhilis 
Kunth  and  Bouch^,  Annalessci.  nat.,  3d  ser.,  vol.  7, 
p.  235,  1847),  U.  S.  Geol.  Survey  Terr.  Ann.  Rept., 
1872,  p.  379,  1873;  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  199,  pi.  33,  figs.  4-6,  1878; 
Harvard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  16, 
p.  50,  1888;  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  25, 
1888. 

Ficus  denveriana  Cockerell,  Torreya,  vol.  10,  p.  224,  1910. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  198, 
1916. 

'  This  fine  species  has  the  Denver  formation 
at  Golden,  Colo.,  as  its  type  locality,  and  all 
subsequent  collections  from  this  area  show  it 
to  be  a  rather  common  form.  It  has  also  been 
reported  from  several  other  locaUties,  all  ap- 
proximately in  the  same  stratigraphic  position. 
Thus  Cannon  found  it  on  Sheriff  Creek,  near 
Hot  Sulphur  Springs,  in  Middle  Park,  Grand 
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CJounty,  Colo.y  in  beds  referred  to  the  Denver; 
Brown  obtained  a  doubtfid  specimen  from  the 
Lance  formation  of  Weston  Coimty,  Wyo.,  and 
Peale  and  Goldman  found  it  at  several  points 
near  Colorado  Springs,  Colo.,  in  beds  of  post- 
Laramie  age. 

Ficas  spedahUis  has  also  been  reported  by 
Lesquereux  from  two  locaUties  in  Louisiana 
in  beds  said  to  be  the  equivalent  of  the  La 
Grange  group  of  Safford,  hence  probably  in 
the  Wilcox  formation  and  thus  in  the  approxi- 
mate position  of  the  Denver.  Its  appearance 
in  the  post-Laramie  beds  of  the  Raton  Mesa 
field,  being  intermediate  between  the  northern 
and  southern  localities,  was  to  have  been  ex- 
pec  ted.  The  laaf  figured,  which  is  fairly  per- 
fect, is  not  to  be  distinguished  from  certain  of 
the  leaves  of  this  species  from  the  Denver 
Basin. 

Occurrence:  Denver  formation  (Tertiary); 
types,  Golden,  Colo.  Raton  formation  (Ter- 
tiary), collected  by  W.  T.  Lee — ^Norman's 
ranch,  12  miles  east  of  Raton,  N.  Mex»  (5132); 
Yankee,  locahty  85,  N.  Mex.  (5137);  near 
Yankee,  N.  Mex.  (5142);  Vermejo  Valley,  near 
mouth  of  York  Canyon,  N.  Mex.  (5241);  mesa 
north  of  Raton,  N.  Mex.  (5132);  Apishapa 
Canyon,  near  Abeton,  Colo.  (5689);  Apishapa 
Canyon,  one-half  mile  west  of  Abeton,  Colo. 
(5686);  near  Suffield  mine,  Colo.  (5693); 
Wootton,  Colo.,  50  to  100  feet  above  Wootton 
coal  (5712);  Vermejo  Creek,  N.  Mex.  (5826); 
collected  by  G.  B.  Richardson's  party — 
Fishers  Peak  mine,  3  miles  southeast  of  Trini- 
dad, Colo.  (5099);  7  miles  southwest  of  Ber- 
wind,  Colo.  (4121);  5  miles  above  Aguilar, 
Colo.  (5122);  collected  by  Orestes  St.  John — 
Wootton,  Colo. ;  Long  Canyon,  N.  Mex. ;  900  feet 
above  Trinidad  sandstone.  Wilcox  fbrmation 
(Tertiary);  several  localities  in  Arkansas, 
and  Louisiana.     Midway  formation  (Tertiary). 

Ficus  neoplanicostata  Knowlton,  n.  sp. 

Plate  LXXIII,  figure  4;  Plate  LXXIV,  figures  2,  3;  Plate 

LXXVI,  figure  4. 

Leaves  thick  in  texture,  ovate,  broadest  at 
or  just  below  the  middle,  whence  they  are 
rounded  to  the  obtusely  wedge-shaped  base 
and  above  to  the  acuminate  apex;  margin  per- 
fectly entire;  nervation  strong,  pinnate,  the 
lowest  pair  of  secondaries  nearly  as  stong  as 
the  midrib  and  arising  at  or  more  frequently 
just  abovi  the  base  of  the  blade,  thus  producing 


a  pseudo  three-ribbed  appearance;  i 
four  or  five  pairs  of  secondaries, 
slightly  curved  upward  and  arch 
the  margin;  basal  pair  of  seconds 
with  some  seven  or  eight  camptodron 
on  the  outside;  nervilles  numero 
mainly  imbroken. 

This  form  is  represented  by  a  num 
preserved  leaves  of  different  sizes,  a 
ovate  with  an  obtusely  wedge-shape 
an  acuminate  apex.  The  smallest 
is  4  centimeters  long  and  3  centim( 
and  the  longest  is  10  centimeters  lo 
centimeters  wide.  The  nervation  i 
shown  in  the  figures  and  need  not 
described. 

This  species  is  undoubtedly  of  t 
and  most  closely  related  to  Ficus  j 
Lesquereux^  of  the  Black  Buttes  co 
Black  Buttes,  Wyo.,  regarded  by 
as  of  post-Laramie  age.  It  differs 
however,  in  several  particulars, 
tinctly  ovate-acmninate  instead  o 
with  a  rounded  apex,  and  obtua 
shaped  at  base  instead  of  roimded  o: 
the  nervation  is  of  the  same  type  in 

Occurrence:    Raton    formation 
one-eighth  mile  northeast  of  Rock! 
locality  120,  north  side  of  Cucharc 
near  WaJsenburg,  Colo.,  collected  by 
(5679). 

Ficus  planicostata  cllntoni  (Lesquereux) 

Plate  LXXVI,  figure  3. 

Ficus  dintoni  Lesquereux,  U.  S.  Geol.  Survc 
Kept.,  1872,  p.  393,  1873. 

Ficus  planicostata  dintoni  (Lesquereux)  Knc 
GeoL  Survey  Bull.  152,  p.  103,  1898. 

Ficus  planicostata  var.  goldiana  Lesquereux 
and  Geog.  Survey  Terr.  Ann.  Rept., 
1874;  U.  S.  Geol.  Survey  Terr.  Rept.,  v< 
flora),  p.  202,  pi.  33,  figs.  1-3,  1878. 

The  specimen,  although  not  ver^ 
served,  appears  to  be  referable  to  F,} 
dintoni.  It  is  rather  shorter  than  is 
otherwise  does  not  appear  cssentiall 

Occurrence:    Raton    formation 
Norman's  ranch,  about  12  miles  eas 
N.  Mex.,  near  locality  92,  collected 
Lee  (5132).  Denver  formation  (Tertii 
Golden,  Colo. 


j      »  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rep 
figs.  1-8. 10-12, 1878. 
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Ficus  latifolia?  (Lesquereux)  Knowlton.^ 

Ficus  planicostata  latifolia  Lesquereux,  U.  S.  GeoL  Survey 
Terr.  Ann.  Rept.,  1872,  p.  393,  1873;  U.  S.  GeoL 
Survey  Terr.  Rept.,  voL  7,  Tertiary  flora,  p.  202, 
pL31,*lig.  9,  1878. 

Ficus  latifolia  (Lesquereux)  Knowlton,  L'.  S.  GeoL  Survey 
BulL  152,  p.  102,  1898. 

In  one  of  the  collections  from  the  vicinity  of 
Trinidad  I  find  a  single  very  fragmentary  speci- 
men that  appears  to  belong  to  this  species. 
Only  a  portion  of  the  base  is  preserv^ed,  but  so 
far  as  can  be  made  out  it  does  not  appear  to 
differ  from  the  figure  given  by  Lesquereux. 

Occurrence:  Laramie  formation  (Cretaceous); 
type,  Golden,  Colo.  Raton  formation  (Ter- 
tiary) ;  Trinidad  field,  Colo.,  7  miles  southwest 
of  Ber^vind  (S.  44°  W.  from  NE.  comer  of  T.  32 
S.J  K.  66  W.),  collected  by  G.  B.  Richardson's 
party  (5045).  Wilcox  formation  (Tertiary); 
Shreveport,  La. 

Ficus  pseudopopulus  Lesquereux. 

Plate   LXXII,  fi.crures  2-4;  Plate  LXXIII,  figures  1,  2; 

Plate  rXlI,  figures. 

Ficus  pseudopopulus  Lesquereux,  U.  S.  Greol.  Survey  Terr. 
Bull.,  vol.  1,  2d  ser.,  No.  5,  p.  387,  187G;  V.  S.  Geol. 
andGeog.  Surv^ey  Terr.  Ann.  Rept., 1874,  p.  313, 1876; 
r.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary 
floral  p.  204,  pi.  34,  figs,  la,  2,  1878. 
Berr>',  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  200, 
pi.  37,  figs.  3-5,  1916. 

Lesquereux's  original  description  is  as  fol- 
lows: 

Leaves  of  medium  size,  oval,  pointed  or  acuminate,  en- 
tire, narrowed  downward  to  a  long  petiole,  palmately 
throe  nerved  from  the  base;  lateral  primary  veins  at  an 
acute  angle  of  divergen<"c.  ascending  to  above  the  middle: 
secondary  veins  two  or  three  pairs,  parallel  to  the  primary 
ones  but  at  a  great  distance  above  them;  divisions  all 
campto<lrome. 

The  size  was  given  as  8  to  10  centimeters 
long  and  3  to  4  centimeters  wide.  Jho  original 
locality,  given  as  iinknowTi,  was  conjectured  to 
be  in  tlie  Green  Kiver  formation  of  Wyoming, 
but  later  the  species  was  found  in  the  lower 
Tertiary  at  Evanston,  Wyo. 

The  fine  leaf  here  figured  is  referred  to  this 
species  with  a  Utile  hesitation.  It  is  of  the 
same  shape,  though  much  larger,  being  about 
14  centimeters  long  and  7  centimeters  wide, 
and  has  the  lateral  ribs  at  a  very  slightly  more 
acute  angle.     Owing  to  the  coarseness  of  the 

1  This  name  is  preoccupied  and  will  be  changed  in  a  later  publication, 
in  which  the  data  making  the  change  necessary  will  be  presented  in  full. 


matrix  on  which  it  is  preserved  none  of  the 
finer  nervation  has  been  retained. 

As  regards  the  affinities  or  apparent  affini- 
ties of  this  species  Lesquereux  says:  "This 
species  is  a  remarkable  one,  resembling  a  Oir^ 
namomum  by  its  principal  nervation,  a  Zizy- 
phu8  by  the  form  of  the  leaves,  a  Populus  by 
its  entire  borders  and  long  petiole,  and  a  Ficus 
by  the  areolation." 

Occurrence :  R  a  ton  forma  tion  (Tertiary) ; 
collected  by  W.  T.  Lee — near  Yankee,  N.  Mex, 
(5142) ;  Spring  Canyon,  north  of  Vermejo  Park, 
N.  Mex.  (5236);  Vermejo  Valley,  near  mouth 
of  York  Canyon,  N.  Mex.  (5241);  collected  by 
G.  B.  Richardson's  party — Trinidad  field,  lo- 
cality 110,  near  northeast  corner  sec.  23,  T.  32 
S.,  R.  64  W.  (5101);  4  miles  southwest  of  Ber- 
wind,  Colo.,  mine  No.  37  (5120);  collected  by 
Orestes  St.  John — Wootton,  Colo.,  about  1,050 
feet  above  the  Trinidad  sandstone.  Lagrange 
formation  (in  beds  of  Wilcox  age)  (Tertiary); 
Puryear,  Henry  County,  and  Hatchie  River, 
near  Shandy,  Hardeman  County,  Tenn. 

Ficus  praetrinervis  Knowlton,  n.  sp. 

This  species  occurs  also  in  the  Vermejo 
formation  and  for  the  full  description,  disciLs- 
sion  of  relations,  and  reference  to  figures, 
seepage  263. 

Occurrence:  Raton  formation  (Tertiary); 
Riley  Canyon,  one-half  mile  north  of  Cokedale, 
Colo.,  collected  by  W.  T.  Lee  (5699) ;  Wootton, 
Colo.,  50  to  100  feet  above  the  Wootton  coal, 
collected  by  W.  T.  Lee  (5712) ;  hogback  2  miles 
southeast  of  Dean,  Colo.  (T.  32  S.,  R.  68  W.) 
in  shde  rock  200  feet  above  lowest  coal,  col- 
lected by  G.  B.  Richardson's  party  (5113). 
Vermejo  formation  (Cretaceous);  see  page  263* 

Ficus  schimperi  Lesquereux. 

Plate  LXXV,  figs.  3.  4. 

Ficus  schimperi  Losciuoroux,   Am.    Philos.   Soc.   Trans., 
vol.  13,  J).  407,  pi.  IS,  figs.  1-3,  1809. 
Berry,  U.   S.  Geol.  Survey  Prof.  Paper  91,  p.  204, 
pi.  3l,figH.  1-3,  1910. 

The  leaf  here  figured,  although  lacking  all 
its  u])per  portion,  ai)pears  to  bo  referable  to 
this  species.  It  is  of  the  same  size  and  shape 
and  has  practically  the  same  typo  of  primary 
nervation,  though  the  lowest  pair  of  secondaries 
arise  lower  down  than  in  the  leaf  shown  in 
Lesquereiix's  figure  3,  the  one  that  this  leaf 


FLORA  OF  THE  RATON  FORMATION. 


most  resembles .  Even  more  closely  resembling 
the  type  specimens  are  several  fairly  well  pre- 
served examples  from  Vermejo  Creek,  N.  Mex. 
Occurrence:  Raton  formation  (Tertiary); 
collected  by  W.  T.  Lee — near  Yankee,  N.  Mex., 
locality  85  (5142) ;  Green  Canyon  mine,  locality 
119,  near  Aguilar,  Colo.  (5684);  near  Trinidad, 
Colo.,  locality  106  (sec.  9,  T.  33  S.,  R.  64  W.) 
(5697);  Vermejo  Valley,  near  the  mouth  of 
Salyers  Creek,  N.  Mex.  (5826). 

Ficus?  smithsoniana  (Lesquereuz)  Lesqoereux. 

Juglans  smithsoniana  Leeqiiereux,  U.  B.  Geol.  Survey 
Terr.  Ann.  Kept.,  1871,  Suppl.,  p.  16, 1872. 

Ficus f  smithsoniana  (Lesquereux)  Lesquereux,  U.  S. 
Geol.  Survey  Terr.  Ilept.,  vol.  7  (Tertiary  flora), 
p.  200,  pi.  32,  fig.  5,  1878. 

Lesquereux  describes  this  as  follows: 

Leaf  coriaceous,  smooth,  lanceolate,  gradually  tapering 
upward  from  above  the  base  and  acuminate;  borders  entire 
and  undulate;  middle  ner\'e  flat  and  broad;  lower  pair  of 
lateral  veins  more  oblique  and  ascending  higher;  ncr\'ation 
camptodrome. 

The  type  of  this  species  is  now  in  the  United 
States  National  Museum,  being  preserved  on 
the  same  stone  with  the  type  of  Sabalf  ungeri. 
It  is  said  to  have  come  from  '^  Fischers  [Fishers] 
Peak,  Raton  Mountains,  N.  Mex./'  and  al- 
though it  is  not  known  to  have  come  from  above 
the  unconformity,  the  appearance  of  the  , 
matrix,  as  well  as  its  association  with  a  well- 
known  species  which  has  been  foimd  only  in 
the  upper  beds,  makes  it  reasonably  certain 
that  such  is  its  position.  It  has  been  fairly 
well  described  and  figured  by  Lesquereux.  Its 
length  is  about  13  centimeters  and  its  width 
about  4  centimeters.  The  nervillcs  are  numer- 
ous, rather  strong,  and  mainly  broken;  the 
finer  nervation  produces  rather  large  quad- 
rangular areas. 

Occurrence:  Raton  formation  (Tertiary); 
Fishers  Peak,  Raton  Mountains,  Colo.,  type, 
on  same  stone  with  tyi)e  of  Sahalf  ungeri. 

Ficus  richardsoni  Knowlton,  n.  sp. 

Plate  LXXVL  figure  1. 

Leaf  thick  in  texture,  broadly  ovate  in  shape, 
abruptly  rounded  to  a  slightly  docurrent  base, 
apex  probably  rather  obtusely  pointed;  margin 
entire  or  slightly  flexuose;  petiole  slender; 
palmately  five  ribbed  from  the  top  of  the 
petiole;  midrib  much  the  stronger,  straight, 
with  six  or  seven  pairs  of  slender,  alternate 
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secondaries  which  ciurvo  upwar 
lateral  ribs,  those  from  the  middle 
reaching  the  upper  margin;  middl 
nearly  as  strong  as  the  midrib, 
within  one-third  the  length  of  th 
the  apex,  each  with  about  tei 
branches  on  the  outside  which 
imately  at  right  angles  to  the  mi 
upward  and  joining  the  one  nex 
the  margin;  lowest  pair  of  ribs  ^ 
passing  up  for  about  one-third  the 
blade  and  there  joining  with 
from  the  middle  pair  of  ribs;  fin 
not  preserved. 

This  fine  large  leaf,  the  only  on 
thus  far  observed,  was  about  13 
meters  long  and  8  centimeters  1 
broadest  point,  w^liich  is  about  oi 
length  of  the  blade  from  the  ba^ 
markable  for  its  thick  midrib  wit 
pairs  of  alternate,  irregularly  spacec 
which  begin  just  above  the  base 
the  whole  of  the  space  between  t 
of  ribs;  it  has  also  a  few  int^rcalc 
mediate  secondaries  which  disaj 
short  distances.  The  lateral  stro 
high  up  in  the  blade  and  ha\ 
secondary  branches  on  the  outside 
a  very  different  angle  to  those  or 
The  lowest  or  outer  pair  of  ribs  is 
being  hardly  more  than  secondc 
from  the  extreme  base  of  the  m 
ribs,  yet  they  run  up  for  some  dist 
joined  by  several  of  the  secondari 

This  species  resembles  more  oi 
a  niimber  of  described  fossil  spe 
ample ,  Ficus  prdetrin^rvisj  p .  263 ) , 
which  it  agrees  perfectly  in  size 
general  appearance,  but  from  wh 
in  having  the  secondary  branches  c 
filling  the  whole  space  between  t 
of  lateral  ribs,  and  also  in  the  po 
lowest  or  outer  pair  of  thin  ribs. 

Occurrence:    Raton  formation 
miles  above  Aguilar,  Colo.,  colled 
Richardson's  party  (5046). 

Ficus  minutidens  KnowUon,  n 

PlateLXXI,fignrc2. 

Leaf  very  thick  in  texture,  o 
ently  truncate  or  slightly  heart-sli 
and  obtuse  at  apex;  margin  with 
very  small  teeth;  nervation  stroi 
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of  a  strong,  straight  midrib  and  four  or  five 
pairs  of  nearly  as  strong  alternate  secondaries, 
which  curve  upward  (some  of  the  upper  ones 
branched),  the  lower  pair  with  six  or  seven 
branches  on  the  outer  side  ending  in  the 
minute  teeth  or  camptodrome  below;  nervilles 
numcroiLs,  very  strong,  mostly  unbroken  and 
at  right  angles  to  the  secondaries. 

The  specimen  figured  is  the  only  one  thus 
far  observed  in  the  collections.  It  is  frag- 
mentary, lacking  both  base  and  apex  as  well  as 
most  of  one  side.  It  appears  to  have  been  10 
or  11  centimeters  in  length  and  about  9  centi- 
meters in  width.  It  is  remarkable  for  the 
strong  Ficu^-like  nervation  and  its  remotely 
and  minutely  toothed  margin. 

At  first  sight  this  leaf  appears  to  belong  to 
the  type  of  FiciLS  planicostata  Lesquereux  and 
F.  latifolia  (Lesquereux)  Knowlton,  both  of 
which  are  so  abundant  at  Black  Buttes,  Wyo.; 
and  in  fact  it  does  agree  with  this  type  in  size, 
shape,  and  nervation  but  diflFers  absolutely 
in  the  character  of  its  margin.  In  the  lower 
part  of  the  margin  it  shows  only  faint  indica- 
tions of  teeth  in  the  form  of  shght  undulations, 
but  above  it  has  definite  though  small  and 
scattered  teeth  which  are  entered  by  the 
secondaries  or  branches  from  them. 

Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  below  the 
Wootton  coal,  collected  by  W.  T.  Lee  (5711). 

Ficus  ratonensis  Knowlton,  n.  sp. 

Plate  LXXIV,  figure  4. 

Leaf  firm  in  texture,  ovate  in  shape,  abruptly 
rounded  to  a  truncate,  slightly  heart-shaped 
base  (apex  destroyed,  apparently  acuminate); 
nervation  palmatoly  five  or  seven  ribbed  from 
the  top  of  the  petiole,  midrib  strongest, 
straight,  with  three  or  four  pairs  of  alternate, 
remote,  thin  camptodrome  secondaries;  next 
pair  of  ribs  emerging  at  an  angle  of  about  45°, 
curving  upward  and  joining  the  lowest  pair  of 
secondaries;  next  pair  of  ribs  arising  nearly  at 
a  right  angle  with  the  midrib,  then  much  curv- 
ing upward  and  joining  the  ribs  above,  these 
ribs  with  three  or  four  secondary  branches  on 
the  lower  side,  the  first  one  arising  at  the  very 
base  and  thus  giving  the  leaf  a  seven-ribbed 
appearance;  aU  ribs  and  secondaries  campto- 
drome, often  with  a  series  of  large  loops  on  the 
outside;   nervilles  prominent,  strong,  mainly 


unbroken  and  at  right  angles  to  the  secondaries 
or  the  lateral  ribs. 

This  species  unfortunately  is  represented 
only  by  the  single,  very  imperfect  example  fig- 
ured. It  is,  as  may  be  seen  from  the  illustra- 
tion, a  regular  ovate  with  a  rounded,  then 
slightly  heart-shaped  base.  The  length,  so  far 
as  can  be  made  out,  was  about  9  centimeters 
and  the  width  about  7  centimeters. 

Oc<;urrence:  Raton  formation  (Tertiary); 
Honeyfield  mine  near  Yankee,  N.  Mex.,  75 
feet  above  the  base  of  the  Raton  formation, 
collected  by  W.  T.  Lee  (5140). 

Arto€arpus  similis  Knowlton,  n.  sp. 

Plate  LXXVII;  Plate  LXXVIII,  figures  1,  2. 

Leaf  of  large  size,  coriaceous  in  texture, 
apparently  long  elliptical  in  general  outline, 
deeply  cut  into  two  or  more  pairs  of  opposite 
or  subopposite  large  lobes  which  are  rather 
broad  and  acute  or  obtusely  acute,  separated  by 
broad  rounded  sinuses ;  terminal  lobe  ovate,  or 
ovate-elliptical,  apparently  rather  obtuse,  lower 
lobes  progressively  smaller  toward  the  base; 
nervation  rather  slender,  craspedodrome,  the 
thin  secondaries  ending  in  the  lobes;  inter- 
mediate secondaries  passing  up  to  and  forking 
just  imder  the  sinuses. 

As  indicated  above,  this  leaf  was  undoubtedly 
of  large  size,  the  portion  preserved  being  nearly 
18  centimeters  long.  The  whole  leaf  could 
hardly  have  been  less  than  25  centimeters  in 
length.  The  width  between  the  tips  of  the 
lobes  is  12  to  14  centimeters.  This  specimen 
is  not  well  preserved  and  lacks  the  basal  portion 
and  practically  all  of  the  nervation  except  the 
midrib  and  the  secondary  branches  passing  to 
the  tips  of  the  lobes. 

This  species  is  mostly  closely  related  to  forms 
from  the  Denver  Basin,  which  are  now  beUeved 
to  represent  twq  species.  These  are  Artocarpu^ 
lessi^mna  (Lesquereux)  Knowlton  ^  (originally 
described  as  ^lymcaf  less^igiiimi)  and  Artocarpus 
pungens  (I^esquereux)  Knowlton  (first  named 
Aralia  pungens).  At  one  time  I  was  inclined  to 
unite  these  forms,^  but  from  evidence  now  at 
hand  it  seems  best  to  consider  them  distinct, 
though  their  differences  are  not  very  great. 
Artocarpns  hssigmna  is  much  the  larger  and 
has   very  broad,  relatively   obtuse   lobes   and 

»  Science,  vol.  21,  p.  24, 1S93. 

>  Knowlton,  F.  U.,  A  catalofi^e  of  the  Cretaceoos  and  Tertiary  plants 
of  North  America:  U.  S.  (leol.  Siir\ey  Hull.  152,  p.  42, 1898. 
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exceptionally  strong  midrib  and  secondaries; 
its  terminal  lobe,  if  the  one  preserved  represents 
this,  was  broadly  ovate  and  presumably 
rounded.  A.  pungens,  however,  has  its  lateral 
lobes  at  a  more  acute  angle,  larger,  and  nar- 
rower; its  terminal  lobe  is  also  narrower  and 
pointed,  and  its  nervation,  although  rather 
strong,  is  much  weaker  than  that  of  A.  lessigi- 
ana. 

Artocarpus  similis  is,  in  a  way,  intermediate 
between  A.  lessigiana  and  A.  pungens.  It  has 
the  narrow  acute-pointed  and  acute-angled 
lobes  of  A.  pungens,  and  the  ovate,  obtuse 
terminal  lobe  of  A.  lessigiana.  It  differs  from 
both  apparently  in  having  much  slenderer  ner- 
vation. The  differences  separating  the  three 
species  are  not  very  marked,  and  it  is  quite 
possible  that  with  a  fair  series  of  specimens 
from  both  localities  they  might  be  found 
to  be  indistinguishable.  Leaves  of  ArtocarpiLS 
are  always  rare  and,  being  of  large  size,  are 
infrequently  preserved  entire.  Notwithstand- 
ing all  the  collecting  that  has  been  done  in  the 
Denver  Basin  less  than  half  a  dozen  examples 
have  come  to  the  writer's  attention,  and  in  the 
immense  collections  under  consideration  from 
southern  Colorado  there  are  only  seven  or  eight 
specimens,  all  fragmentary.  The  present  form 
has,  however,  been  found  at  no  less  than  six 
localities  in  this  area,  all  the  specimens,  so  far 
as  can  be  made  out,  being  referable  to  a  single 
species,  which,  as  stated  above,  appears  to 
differ  slightly  from  the  forms  known  farther 
north. 

Occurrence:  Raton  formation  (Tertiary); 
collected  by  W.  T.  Lee — typo,  Wet  Canyon, 
about  4  miles  northwest  of  Weston,  Colo. 
(5799) ;  railroad  cut  about  one-half  mile  north  of 
Wootton,  Colo.  (5711);  dump  of  mine  at  Dola- 
gua,  C!!olo.  (5690) ;  1  mile  north  of  Trujillo  Plaza, 
Colo.,  about  100  feet  below  supposed  base  of 
Poison  Canyon  formation  (5687);  one-eighth 
mile  northeast  of  Rockland  mine,  locality  120, 
near  Walsenburg,  in  Cucharas  Canyon,  Colo. 
(5679) ;  near  Strong,  Colo.  (5682)  (supposed  in 
the  field  to  belong  to  the  Vermejo  formation, 
but  now  presumed,  as  the  stratigraphic  rela- 
tions are  imcertain  and  as  the  single  fragmen- 
tary specimen  agrees  absolutely  with  all  the 
others,  to  belong  to  the  higher  beds) ;  Wootton, 
Colo.,  50  to  100  feet  above  the  Wootton  coal 
(5712) ;  collected  by  G.  B.  Richardson's  party — 
Riley  Canyon,  near  Cokedale,  Colo.  (5104). 


Order  ABISTOLOCHIALE8. 

Family  ABISTOLOCHIACBAE. 

Arifllolocliim?  elongate  Knowlton,  n.  sp. 

Plato  LXXVIII,  figure  3. 

Fruit  flattenecl,  narrowly  elliptical  o 
oblong  in  outline,  rounded  and  very  obi 
the  distal  extremity,  abruptly  rounde< 
very  short  pedicel  at  base,  28  millimeter 
10  to  11  millimeters  broad;  marked  wil 
rather  prominent  longitudinal  ribs  which 
the  surface  into  four  approximately  equal 

The  two  fruits  figured  are  all  that  ha 
observed  of  this  form.  From  the  positio 
now  occupy  it  seems  probable  that  the^ 
attached  to  an  axis,  now  disappeared,  1 
very  short  pedicel  preserved.  -tUthougl 
compressed  to  a  thickness  of  only  2  to  3 
meters,  they  were  probably  little  flattenec 
perfect.  From  the  presence  of  two  Ion 
inal  ribs,  it  is  inferre<l  that  they  were  six  r 

This  species  most  closely  resembles  Ci 
pealei  Lesquereux,*  from  the  Miocene  lak 
at  Florissant,  Colo.,  but  differs  from  it 
much  larger  size,  short-pe<liceled  base,  an 
of  fine  parallel  striae. 

In  a  general  way,  these  fruits  are  als 
those  of  Aristolochia  oeningensis  Ileer,^  ( 
that  they  are  longer,  narrower,  and  hav( 
striae.  As  they  seem  at  least  to  be  cong 
I  have  placed  them  in  the  genus  Aristc 
rather  than  in  the  nondescript  Carpites, 

Occurrence:  Raton  formation  (Tertiai 
miles  southwt»st  of  Berwind,  Colo.,  collect 
G.  B.  Richardson's  party  (5120). 

Order  BANALES. 

FamUy  NTMPHAEACEAE. 

Castalla  leei  Knowlton,  m  sp. 

Plate  LXXIX,  figure  3. 

Leaf  firm  in  texture,  apparently  i 
orbicular  in  outline,  deeply  cordate-renifo 
base,  the  sinus  open  and  the  basal 
rounded;  margin  perfectly  entire;  nen; 
palmately  radiate,  nine  ribbe<i  from  the  1 
the  petiole;  midrib  probably  with  one  or 
pairs  of  secondaries,  all  the  other  ribs  fc 
about  half  the  distance  between  petiole,  or 
of  origin,  and  the  niargui,  the  branches  i 
equal  and  apparently  passing  thence  sti 
to  the  margin;  finer  nervation  not  retair 

1  The  Tertiary  flora:  U.  8.  Geol.  Sur\'ey  Rept.,  vol.  7,  p.  30 
flg.  31, 1878. 
s  Flora  tertioria  Helvetia*,  vol.  3,  p.  189,  pi.  154,  fig.  8, 1859. 
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This  splendid  species  is  represented  only  by 
the  example  figured,  which  unfortunately  lacks 
most  of  one  side  and  all  of  the  apical  portion. 
The  base  and  all  of  one  side  are  present  and  ex- 
hibit well  the  general  outline  and  character- 
istic nervation.  It  appears  that  the  leaf  was 
nearly  orbicular  wath  a  transverse  diameter 
of  about  12  centimeters;  but  as  its  midrib  does 
not. fork  or  branch  wdthin  as  short  a  distance 
as  do  the  other  ribs,  the  leaf  may  possibly  have 
been  sUghtly  pointed  or  prolonged,  as  in  certain 
living  species  of  the  genus  Castalm.  In  some 
respects  this  leaf  seems  to  combine  the  charac- 
ters of  the  leaves  of  both  Castalia  and  Nelumho. 
The  orbicular  or  orbicular-ovate  shape  and 
deeply  lobed  base  with  the  basal  lobes  rounded 
are  characters  indistinguishable  from  those  of 
Castalia  but  at  variance  with  those  of  Nelumho, 
in  which  the  leaves  are  centrally  peltate.  In 
Ca^^talia,  however,  the  midrib  is  always  dis- 
tinct, and  usually  has  several  pairs  of  opposite 
forking  secondaries;  the  other  ribs  radiate  from 
its  base.  In  Nelumho  the  equally  strong  ribs 
all  radiate  from  the  depressed  center  of  the 
blade.  In  the  present  leaf  the  midrib  is  not 
wholly  preserved,  but  the  portion  retained 
shows  no  indication  of  branches  or  secondaries, 
though  there  doubtless  were  such  in  the  upper 
portion.  In  the  living  Castalia  the  midrib  and 
lateral  ribs  all  arise  at  the  extreme  base  of  the 
blade,  but  in  the  fossil  C.  leei  the  ribs  arise  a 
short  but  appreciable  distance  above  the  base 
of  the  lamina.  On  the  whole,  however,  this 
leaf  appears  to  be  closest  to  Castalia  and  may 
be  so  considered  until  further  infonnation  is 
available.  It  is  a  well-marked  form  that  can 
be  identified  in  the  future  with  certainty,  pro- 
vided sufficiently  well-preserved  material  is  at 

hand. 

Occurrence :  Raton  formation  (Tertiary) ;  one- 
eighth  mile  northeast  of  Rockland  mine,  near 
Walsenburg,  north  side  of  Cucharas  Canyon, 
Colo.,  collected  by  W.  T.  Lee  (5679). 

Nelumbo  lakesiana  (Lesquereux)  Knowlton,  n.  comb. 

Nelumhium  lakeMajium  Lesquereux,  U.  S.  GeoL  Surv^ey 
Terr.  Ann.  Kept.,  1873,  p.  403,  382,  1874. 
Knowlton,  U.  S.  (um)1.  Survey  Bull.  152.  p.  151,  1898. 

Nelumhium  lake»ii  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7  (Tertiary  flora),  p.  252,  pi.  46,  figs. 
1,  2, 1878;  U.  S.  Geol.  and  Geog.  Survey  Ann.  Rept., 
1876,  p.  514,  1878;  llarvard  Coll.  Mus.  Comp. 
Zoology  Bull.,  vol.  16,  p.  53,  1888. 

The  type  specimens  of  this  beautiful  species 
are  preserved  in  the  United  States  National 


Museum  (Nos.  370,  371),  with  a  number  of 
others  more  recently  found.  The  originals  are 
from  the  Denver  formation  at  Golden,  Colo., 
and  although  the  large  collections  made  at  the 
same  locality  in  1890  by  Arthur  Lakes  do  not 
contain  this  species,  it  was  present  in  the  collec- 
tion determined  by  Lesquereux  for  the  Harvard 
College  Museum  of  Comparative  Zoology,  at 
Cambridge,  Mass. 

In  the  collections  also  made  by  Lakes  in  1890 
near  the  Douglass  coal  mine,  Sedalia,  Colo., 
there  were  found  no  less  than  five  more  or  lean 
perfect  specimens  that  are  referred  with  much 
certainty  to  this  species.  They  have  the  same 
thick  ribs,  proilucing,  when  ])reserved  on  simi- 
lar material,  the  rough  appearance  described, 
by  Lesquereux.  The  number  of  ribs  is  usually 
14,  although  one  has  but  13,  the  number  de- 
scribed as  present  in  .V.  tenuifolia.  One  speci- 
men shows  the  under  surface  of  the  leaf  and  a 
small  portion  of  the  petiole,  which  is  3.5  milli- 
meters in  diameter,  or  about  the  size  of  the 
petiole  in  the  living  N.  lutea  of  eastern  North 
America,  although  the  leaf  appears  to  have 
been  rather  smaller  than  the  usual  size  of  that 
living  species.  The  margin  is  not  well  enough 
preserved  to  show  \vith  certainty  the  manner  in 
which  the  nerves  enter  it. 

This  species  is  obviously  most  closely  related 
to  iV.  tenuifoliaj  from  which  it  appears  to 
differ,  as  pointed  out  by  Lesquereux,  by  its 
evidently  thinner  texture  and  the  lighter  char- 
acter of  its  ribs.  Those  differences,  however, 
are  not  great  and  may  be  entirely  due  to  the 
age  of  the  leaf,  as  Berry  lias  said  regarding  the 
supposed  difTerences  between  certain  species  of 
the  Atlantic  Coastal  Plain. 

So  far  as  can  be  ascertained  A^.  lakesiana  is 
also  very  close  to  A^.  arctica  Ileer,*  from  the 
Atane  beds  of  Greenland.  The  Arctic  species 
is,  however,  only  a  small  fragment  of  the  en- 
tire leaf;  it  has  13  thick  ribs  radiating  from  a 
common  center,  but  the  finer  nervation  is 
obsolete. 

In  one  of  the  large  collections  from  the 
Fishers  Peak  region  I  have  found  a  single  speci- 
men that  appears  to  belong  to  A^.  lakesiana. 
It  is  very  fragmentary,  lacking  all  of  the  margin 
and  a  portion  of  one  side,  but  in  the  manner 
of  the  insertion  of  the  petiole  and  the  radiation 
of  the  thirteen  or  fourteen  ribs  it  is  identical. 


1  Flora  fossills  arctica,  vol.  6,  Abt.  2,  p.  92,  pi.  40,  f.g.  6, 1883. 
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Occurrence:  Denver  formation  (Tertiary); 
Golden,  Colo.  Dawson  arkosc  (Tertiary); 
3,000  feet  east  of  the  Douglass  coal  mine,  near 
Sedalia,  Colo.  Raton  formation  (Tertiary); 
Fishers  Peak  mine,  3  miles  southeast  of  Trini- 
dad, Colo.,  collected  by  G.  B.  Richardson's 
party  (5099). 

FamUy  MAGNOLIACEAE. 

Magnolia  angustifoUa  Newberry. 

Plate  LXXIX,  figure   I:  Plate  LXXX;  Plate  LXXXI, 

figure  1 . 

Terminalia  radobojensis  Ileer.     Lcequereux,  U.  S.  Geol. 

Sur\'ey  Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  15,  1872. 
Magnolia  angusti/olia  Newberry,  V.  S.  Nat.  Mus.  Proc., 

vol.  5,  1882,  p.  513,  1883. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  214, 1916. 
Magnolia  attenuata  Weber.    Lesquereux,    U.    S.    Geol. 

Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  250, 

pi.  45,  fig.  6,  1878. 

Leaves  evidently  thick  in  t(»xture,  narrowly 
lanceolate  or  slightly  obovate-lanceolate  in 
shape,  from  16  to  20  centimeters  long,  4  to  5 
centimeters  wide,  with  an  acuminate  apex  and 
a  long  narrowly  wedge-shaped  base ;  midrib  rel- 
atively very  thick,  particularly  below,  much 
more  slender  above ;  secondaries  about  twelve 
to  fourteen  pairs,  rather  slender,  alternate,  at 
an  angle  of  about  45°,  considerably  curved 
upward  near  the  margin,  camptodrome;  finer 
nervation  not  retained. 

This  species  is  n^presented  by  a  number  of 
very  well  preserved  leavi^s  from  several  locah- 
ties,  four  of  the  bt»8t  of  wliich  arc  figured. 
The  very  perfect  example  shown  in  Plate 
LXXX,  figure  2,  is  fully  20  centimeters  long 
and  about  4.5  centimeters  wide  and  has  a 
rather  slender  acuminate  apex.  The  other 
Bpecimens  figured  are  from  a  different  locality 
and  are  equally  perfect,  especially  that  shown 
in  Plate  LXXX,  figure  1. 

The  basal  portion  of  these  leaves  is  indis- 
tinguishable from  the  portion  figured  by  Les- 
quereux from  Fishers  Peak,  Raton  Mountain, 
under  the  name  of  Magnolia  attenuata  Weber. 
This  name  was  changed  by  Newberry  to  M. 
angustifolia,  on  the  ground  that  it  was  not  tlie 
same  as  the  European  leaves  so  called.  It  is 
evident  that  Newberry  had  material  from 
Fishers  Peak  when  he  made  the  change  in 
names,  for  his  description  agrees  perfectly  with 
the  leaves  here  described  and  figured  from  the 
same  general  region,  except  that  he  gives  the 
size  as  slightly  larger  than  any  I  have  observed. 


Magnolia  angtt^tifolia  is  suggestive 
laurifolia  Lesquereux,  from  the  Wilcox 
tion  of  Mississippi,  from  which  it  di 
having  the  fincT  secondaric^s  at  a  moi 
angle  in  the  basal  portion.  In  shape  i 
with  M.  lanceolata  Lesquereux  (n 
c/ayarwi  Cockerell,*  from  the  auriferous 
(Miocene)  of  CaHfornia,  but  differs  fro 
having  much  less  numerous  secondarie 
a  slightly  different  angle. 

Occurrence:  Raton  formation  (To 
collected  by  W.  T.  Lee — type,  Fisherj 
Colo.,  Yankee,  locality  85,  N.  Mex  (5141 
half  mile  north  of  Brilhant,  Colo. 
Rouse,  Colo.  (5683) ;  Green  Canyon  n 
cality  119,  near  Aguilar,  Colo.  (5684 
shapa  Canyon,  Colo.  (5686);  same 
mine  at  Delagua,  Colo.  (5690) ;  near  T 
Colo.,  locality  106  (sec.  9,  T.  33  S.,  R. 
(5697);  south  wall  of  Purgatory  Car 
mouth  of  Riley  Canyon,  near  Cokedak 
50  to  150  feet  above  base  of  Raton  foi 
(5704) ;  one-half  mile  south  of  wStarkvill 
(5797) ;  Wootton,  Colo.,  50  to  100  fee 
Wootton  coal  (5712) ;  dump  of  Turne 
li  miles  north  of  Wootton,  Colo.  (5714 
Canyon,  4  miles  northwest  of  Westoi 
(5799) ;  Tercio,  Colo.,  about  200  feet 
top  of  basal  conglomerate  (5803);  A 
Valley  near  mouth  of  Salyers  Creek,  I 
(5826) ;  Ute  Park,  N.  Mex.  (5830) ;  c 
by  G.  B.  Richardsoij's  party — 5  mile* 
^Vguilar,  Colo.  (5122);  3  miles  above  - 
Colo.  (5118);  one-fourth  mile  south 
Santa  Clara,  Colo.  (5126) ;  collected  b 
Knowlton — ^Hillside  just  west  of  south 
Raton  tunnel,  north  of  Raton,  N.  Mex. 
collected  by  Orc»stes  St.  John — Woottoi 
Long  Canyon,  N.  Mex. ;  Smith's  rancl: 
Raton  Canyon,  N.  Mex.  Wilcox  fo 
(Tertiary) ;  near  Coushatta,  La.,  and  I 
Henry  County,  Tenn. 

Magnolia  laurifolia  Lesquereiix. 

Plate  LXXXV,  figure  2;  Plate  CVI,  figur 

Magnolia  laurifolia  Lesquereux,  Am,  Philos.  Sc 
vol.  13,  p.  421;  pi.  20,  fig.  3  (not  fig.  2),18 

In  one  of  the  large  collections  fror 
Aguilar   I   find    the   specimens   here 
neither  of  which  can  be  distinguished  fi 
quereuxls  Magnolia  laurifolia,  original 

1  Am.  Naturalist,  vol.  44,  p.  35, 1910. 
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in  tho  Wilcox  formation  of  Mississippi.  One 
of  the  specimens  is  the  basal  portion  of  a  fine 
leaf  similar  hi  every  respect  to  the  smaller  of 
the  two  figm'es  given  by  Lesquereux.  It  was 
probably  about  15  centimeters  in  length  when 
perfect  and  is  5  centimeters  broad  at  the  broad- 
est point.  The  extremely  thick  midrib  and 
numerous  close,  parallel,  thin  secondaries  are 
identical. 

Occurrence:  Wilcox  formation  (Tertiary); 
typos,  Mississippi.  Raton  formation  (Ter- 
tiary); 5  miles  above  Aguilar,  Colo.,  collected 
by  G.  B.  Richardson's  party  (5046). 

Magnolia  hUgardiana  Lesquereux. 

Plate  LXXIX,  figure  2;  Plate  LXXXV,  figure  1. 

Magnolia  hUgardiana  liCsquereux,  Geol.  Recon.  Arkansas 
Second  Kept.,  p.  319,  pi.  6,  fig.  1,  1860;  Am.  Philos. 
Soc.  Trans.,  vol.  13,  p.  421,  pi.  21,  fig.  1, 1869;  U.  S. 
Geol.  Survey  Terr.  Ann.  Kept.,  1871,  Suppl.,  pp.  12, 
15,  1872;  U.  S.  Geol.  and  Geog.  Survey  Terr.  Ann. 
Kept.,  1873,  pp.  382,  385,  1874;  idem,  1876,  p.  513, 
1878;  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7  (Ter- 
tiary flora),  p.  249,  pi.  44,  fig.  4,  1878;  idem,  vol.  8 
(Cretaceous  and  Tertiary  flora),  p.  233,  1883;  U.  S. 
Nat.  Mus.  Proc.,  vol.  1 1,  p.  29.  1888. 
Hoi  lick,  A  report  on  a  collection  of  fossil  plants  from 
northwestern  Louisiana:  Louisiana  Exper.  Sta., 
pt.  5,  p.  282,  pi.  39,  1899. 

Magnolia  lauri/olia  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  421,  pi.  20,  fig.  2  (not  fig.  3),  1869. 

Terminalia  hUgardiana  (Lesquereux)  Berry,  U.  S.  Geol. 
Survey  Prof.  Paper  91,  p.  325,  pi.  92,  fig.  2,  1916. 

Berry  has  recently  united  Lesquereux 's 
Magnolia  lauri folia  with-  Magnolia  hUgardiana 
Lesquereux  under  the  name  of  Terminalia 
MIgardiana.  A  reexamination  of  the  figures 
convinces  me  that,  though  it  may  be  correct  to 
regard  Lesquereux  s  figure  3  as  identical  with 
Magnolia  Tiilgardiiina^  his  figure  2  is  distinct  and 
is  entitled  to  separate  recognition.  I  think 
there  can  be  no  doubt  as  to  the  identity  of 
Lesquereux  s  figure  3  of  Magnolia  hurifolia 
and  the  well-preserved  leaves  here  figured  from 
Aguilar,  Colo.  I  also  doubt  the  propriety  of 
referring  these  leaves  to  Terminalia,  and  for 
the  present,  at  least,  I  prefer  to  keep  them  in 
Magnolia, 

Tliis  species  Wiis  first  described  and  figured 
by  Lesquereux  in  1860,  in  the  second  Report  of 
the  Geological  Reconnaissance  of  Arkansas. 
As  there  stated,  however,  tlie  specimens  did  not 
come  from  Arkansas  but  *'from  tlie  chalk  banks 
of  the  Mississippi  and  from  the  red  shales  of 
Tennessee.''    As  the   other   two   species   de- 


scribed with  it  are  accredited  to  Tennessee, 
M,  hUgardiana  remains  as  the  only  one  which 
must  have  come  from  the  "  chalk  banks  of  the 
Mississippi."  The  State  whence  it  came  is  not 
actually  named,  but  the  fact  that  nine  years 
later  Lesquereux  again  records  and  figures  the 
same  specimen  among  the  "  Fossil  plants  from 
the  Tertiary  of  Mississippi*  *  makes  it  probable 
that  it  actually  came  from  Mississippi. 

Magnolia  hUgardiana  was  next  reported 
(1872)  as  doubtfully  contained  in  a  collection 
from  above  the  coal  at  Evanston,  Wyo.  The 
specimen  on  which  this  determination  was  based 
showed,  according  to  Lesquereux,  "the middle 
part  only  of  a  large  leaf  witli  undulate  entire 
borders  and  the  nervation  of  this  species.*'* 
It  was  never  aftenvard  mentioned  by  Les- 
quereux and  was  either  discarded  altogether  or 
was  united  with  some  other  form;  the  species 
has  not  since  been  found  at  this  locality. 

In  the  same  volume  '  M,  hUgardiana  was  re- 
ported from  "Fishers  Peak,  N.  Mex.''  This 
specimen  is  presers^ed  in  the  United  States 
National  Museum  (No.  365)  and  is  the  original 
of  Plate  XLIV,  figure  4,  of  "  The  Tertiary  flora." 
Although  it  is  a  mere  fragment  from  the  part 
near  the  middle  of  a  large  leaf,  with  hardly  an 
inch  of  the  true  margin  preserved,  it  agrees 
fairly  well  with  the  type  figures  of  this  species  as 
well  as  with  a  number  of  extremely  well  pre- 
served leaves. in  W.  T.  Lee's  collections  from 
the  same  region. 

Magnolia  hUgardiana  has  also  been  accred- 
ited to  the  Fort  Union  formation*  on  the  basis 
of  a  statement  made  by  Lesquereux*  that 
"  a  fine,  fully  preserved  loaf  of  this  species  is  in 
Prof.  WincholFs  collection  from  the  Yellow- 
stone Valley."  This  specimen  was  not  figured 
nor  is  its  location  now  kno\^Ti,  and  I  can  only 
say  that  I  have  not  detected  it  in  any  of  the 
extensive  collections  that  have  passed  through 
my  hands  from  these  bt^ds. 

Tlie  final  mention  of  this  species  in  the 
literatuiv  is  by  Ilollick,  who  reports  and 
figures  it  from  the  vicinity  of  Coushatta,  La., 
in  beds  presumed  to  belong  to  the  Wilcox 
formation     (''Eo-lignitic"    of    older    writers). 

>  Am.  Philos.  Soc.  Trans.,  vol.  13,  p.  421,  pi.  21,  ftg.  1,  1869. 

«  U.  S.  (fcol.  Sun-ey  Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  12, 1872. 

'  Idem,  p.  lo. 

«('f.  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie  group:  U.  8. 
(leol.  Survey  Sixth  Ann.  Rept.,  p.  529,  1SS6. 

&  The  Crotaceousand  Tertiary  floras:  U.  8.  Geol.  Survey  Terr.  Rept., 
vol.  8,  p.  233, 18S3. 
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This  leaf,  a  nearly  perfect  specimen,  agrees 
closely  with  Lcsquereux's  original  figures  of 
the  species  and  is  undoubtedly  identical  with 
the  leaf  here  figured  from  the  Rockland  mine, 
Cucharas  Canyon,  CJolo.,  in  the  Raton  for- 
mation. 

From  the  aoove  exposition  it  appears  that 
this  species  may  fairly  be  assumed  to  enjoy  a 
very  wide  distribution  and  to  have  been  found 
only  in  rocks  of  lower  Tertiary  age. 

'Occurrence:  Wilcox  formation  (Tertiary); 
type,  Mississippi  and  near  Coushatta,  La. 
Fort  Union  formation?  (Tertiary);  Valley  of 
Yellowstone  River,  Mont.  Raton  formation 
(Tertiary);  one-eighth  mile  northeast  of  the 
Rockland  mine,  locality  119,  north  side  of 
Cucharas  Canyon,  near  Walsenburg,  Colo.,  col- 
lected by  W.  T.  Lee  (5679) ;  Yankee,  locality 
86,  N.  Mex.,  collected  by  W.  T.  Lee  (5142) ; 
also  the  following,  all  collected  by  G.  B. 
Richardson's  party — 2^  miles  north  of  Trinidad 
field,  locaUty  110,  near  northeast  comer  sec.  23, 
T.  32  S.,  R.  64  W.  (5101);  near  locality  109, 
Trinidad,  Colo.  (5094) ;  4  miles  north  of  Trini- 
dad, Colo.,  near  locality  109  (5102) ;  Riley  Can- 
yon, 2  miles  above  (IJokedale,  Colo.  (5105) ;  Riley 
Canyon,  Colo.  (5103);  5  miles  above  Aguilar, 
Colo.  (5122). 

Magnolia  magnifolia  Knowlton,  lu  sp. 

Plate  LXXXIV. 

Magnolia  tenuinervis  Leequereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  249,  pi.  44, 
figs.  5,  6,  pi.  45,  figs.  1-3  (not  pi.  45,  figs.  4,  5),  1878. 

Leaves  generally  of  lai^e  size,  evidently  sub- 
coriaceous  in  texture,  broadly  lanceolate, 
broadest  near  or  just  above  the  middle,  rather 
obtusely  pointed  at  apex  and  wedge  shaped  at 
base  (petiole  not  observed) ;  midrib  very  thick 
below,  becoming  much  thinner  above;  secon- 
daries about  twelve  or  fourteen  pairs,  strong, 
alternate,  somewhat  irregular,  especially  in  the 
middle  of  the  blade,  curving  upward  weU  inside 
the  margin;  nervilles  mainly  percurrent  and  at 
right  angles  to  the  secondaries. 

Magnolia  tenuinervis  was  named,  though  not 
adequately  described,  by  Lesquereux  in  1868, 
from  material  obtained  in  ''Lignite  beds  near 
Golden  City,  Colo.,''  and  hence  presumably  in 
the  true  Laramie  formation,  as  the  Denver 
formation  has  not  been  foimd  coal  bearing  at 
this  locality.  Its  next  mention  in  1869  (re- 
print 1873)  is  a  verbatim  copy  of  the  first 


article  and  without  additional  info 
In  the  report  for  1870  it  is  simply  giver 
and  referred  to  the  locality  mentione 
and  in  the  report  for  i876  it  is  also  m 
in  a  list  without  indication  of  locality 
probably  it  was  based  on  the  same  i 
It  does  not  appear  to  have  been  proj 
scribed  and  figured  until  the  public 
*'The  Tertiary  flora, "  though  in  the! 
report  for  1872  specimens  from  Blacls 
Wyo.,  that  were  later  referred  to  this 
were  described  under  Heer's  name  of  u 
inglefeldi.  Of  the  specimens  of  this 
figured  in  ''The  Tertiary  flora"  (PI.  S 
but  two  of  the  ''types"  are  preserve 
United  States  National  Musemn,  but  1 
pears  to  have  been  some  confusion  a 
localities  whence  some  of  them  came 
the  original  of  figure  3,  Plate  XLV,  is 
in  the  Museum  catalogue  (No.  368)  as 
from  Golden,  Colo.,  but  the  matrix  pi 
yond  reasonable  doubt  that  it  car 
Black  Buttes,  Wyo.;  and  the  same  is 
another  duplicate  specimen  (No.  366) 
species.  The  original  of  figiu^e  2  is  imd< 
from  the  Denver  forpiation  at  Golde 
(U.  S.  Nat.  Mus.,  367),  and  that  of 
from  Bridger  Pass,  Wyo.  (No.  369),  i 
this  latter  locality  was  once  erased  f 
Musemn  catalogue.  The  originals  of  : 
and  4  can  not  now  be  foxmd,  nor  car 
figure  6,  Plate  XIX,  of  "The  Cretacc 
Tertiary  floras, "  though  the  original  of 
is,  according  to  Lesquereux,  one  of  tl 
mens  upon  which  Magnolia  tenuinei 
founded,  and  hence  is  the  real  type 
species.  The  original  of  figure  5,  Plat« 
of  "  The  Tertiary  flora  "  can  not  now  I 
nor  is  it  known  whence  it  came;  the 
evidence  to  show  that  it  was  ever  the  ] 
of  the  United  States  National  Museu] 
original  of  figure  6,  Plate  XLIV,  of  " ' 
tiary  flora"  is  No.  366  of  the  Mus€ 
lections,  and  is  recorded  as  having  co 
Golden,  though  the  matrix  would  seem 
cate  that  it  comes  from  Black  Butte 
The  only  localities  given  by  Lesqut 
"The  Tertiary  flora"  are  Golden  an 
Buttes. 

I  have  given  at  length  the  intricate  a 
plicated  history  of  what,  for  more  than  ^ 

»  U.  8.  Geol.  Survey  Terr.  Ann.  Rept.,  1872,  p.  396, 
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has  been  passing  under  the  name  of  Magnolia 
tenuinervis  Lesquereux,  and  the  result  is  seen 
to  be  a  nearly  hopeless  tangle.  For  more 
than  10  years  aft^r  it  was  named  it  remained 
a  nomen  nudum,  and  even  when  it  was 
described  and  figured  it  was  based  on  such  a 
heterogeneous  assemblage  of  forms  that  are 
obviously  not  conspecific  and  may  not  all  be 
congeneric,  from  unknown  or  doubtful  locali- 
ties, that  it  seems  best  to  abandon  the  current 
acceptance  of  this  ^' species'^  and  start  afresh. 
The  difficulties  into  wliich  this  miscellaneous 
aggregation  has  led  subsequent  writers  is 
shown  by  the  fact  that  it  is  supposed  to  have  a 
vertical  range  from  the  Mesaverde  formation 
to  the  Denver  f  onnation,  or  even  later.  But,  as 
the  rules  of  nomenclature  do  not  permit  the 
abandonment  of  a  name  so  long  as  it  can  not  be 
clearly  referred  to  another  earfier  species,  it  is 
proposed  hereafter  to  restrict  the  name  Magno- 
lia tenuinei^is  to  figxu'e  6,  Plate  XLV,  of  ^^ITie 
Tertiary  flora,'  for  this,  so  far  as  can  be  made 
out,  is  the  figure  of  the  specimen  from  ^*  Golden 
City,  Colo.,''  upon  wliich  the  ^^ species"  was 
based.  It  is  a  mere  fragment  of  the  upper  por- 
tion of  a  leaf  that  can  not  be  positively  identi- 
fied with  anything  and  may  not  be  a  Ma^Twlia, 
The  type  specimen  itself  is  lost,  and  it  can  not 
be  determined  whether  it  belongs  to  the  Lara- 
mie or  the  Denver  formation,  and  it  must 
serve  as  an  unhappy  heritage  to  hold  the  name 
and  prevent  further  confusion  and  misuse  of 
Lesquereux 's  species. 

Lesquereux  appears  at  first  to  have  inclined 
to  the  opinion  that  figure  5,  Plate  XLV,  of  ''The 
Tertiary  flora,"  said  to  be  from  Bridgers  Pass, 
was  not  conspecific  wdth  the  other  loaves  he 
figured  as  Magnolia  tenuinervis.  I  agree  with 
this  view  and  believe  it  should  be  removed  and 
given  another  name.^  I  formerly  identified  as 
Magnolia  tenuinervis  a  leaf  from  Coalville, 
Utah,  on  the  basis  of  its  resemblance  to  Les- 
quereux's  figure  5,  above  discussed.^  As  pointed 
out  at  the  time  tliis  Coalville  leaf  does  not  agree 
perfectly  with  Lesquereux 's,  and  I  am  now 
convinced  that  it  should  be  removed  from  M, 
tenuinervis  and  given  another  name.^ 

There  remains  Plate  XLIV,  figures  5  and  6, 
and  Plate  XLV,  figures  1  and  3,  of  ''The  Ter- 

1  This  may  be  called  Magnoliat  inguirenda  n.  sp. 
«  Flora  of  the  Montana  formation:  U.  S.  Geol.  Survey  Bull.  163,  p.  55, 
pi.  14,  fig.  1, 1900. 
*  This  may  be  known  as  MagnoUaf  cwUviUcruis  n.  sp. 


tiary  flora,"  and  these  may,  without  obvious 
violence,  be  considered  conspecific,  though  three 
of  these  (5, 6,  and  3)  are  mere  fragments  and  con- 
fessedly of  little  value.  So  far  as  known  they 
come  from  the  Black  Buttes  coal  group  of  Black 
Buttes,  Wyo.  (regarded  by  the  author  as  of 
post-Laramie  age),  and  the  Denver  formation 
at  Golden,  Colo.  These  five  figures  are  here 
transferred  to  Magnolia  ma^ifolia. 

Magnolia  nuignifolia  is  apparently  the  largest- 
leaved  fossil  species  thus  far  described  from 
American  rocks,  the  maximum  length  observed 
approximating  30  centimeters  and  the  width  10 
or  12  centimeters.  The  characters  are  ex- 
cellently weU  shown  in  the  nearly  perfect  ex- 
ample here  figured.  Among  living  species  it 
appears  to  be  most  closely  related  to  a  species 
cultivated  in  the  parks  of  the  District  of  Co- 
lumbia under  the  name  of  M,  rnexicana,  from 
which  its  leaf  differs  mainly  in  having  a  more 
wedge-shaped  base. 

Magnolia  magnifolia  is  perhaps  the  most 
abundant  and  widely  distributed  species  thus 
far  observed  in  the  post-Laramie  rocks  of  the 
Raton  Mesa  region,  though  few  specimens  of  it 
are  perfectly  preserved.  It  may  be  known  by 
its  large  size,  rather  obtuse  apex,  wedge-shaped 
base,  and  especially  by  the  irregular  spacing  of 
its  secondaries  near  the  middle  of  the  blade. 
Almost  all  specimens  have  a  short  intermediate 
secondary  between  these  widely  spaced  secon- 
daries. 

Occurrence:  Denver  formation  (Tertiary), 
Golden,  Colo.  Black  Buttes  coal  group  (re- 
garded by  the  author  as  of  post-Laramie  age). 
Black  Buttes,  Wyo.  Raton  formation  (Ter- 
tiary); collected  by  W.  T.  Lee — type,  dump  of 
Delagua  mine  near  Delagua,  Colo.  (5690); 
junction  of  Dillon  and  Coal  canyons,  near 
Blossburg,  N.  Mex.  (5149);  Norman's  ranch,  12 
miles  east  of  Raton,  N.  Mex.,  near  locality  92 
(5132);  one-half  mile  north  of  Brilliant,  Colo. 
(5154);  3  miles  southwest  of  Walsenburg, 
Colo.,  near  locahty  120  (5678);  Green  Canyon 
mine,  locality  119,  near  Aguilar,  Colo.  (5684); 
Apishapa  Canyon,  Colo.  (5686) ;  1  mile  north  of 
TrujUlo  Plaza,  Colo.  (5687);  Apishapa  Canyon, 
Colo.  (5687);  Apishapa  Canyon,  Colo.  (5689); 
locality  106,  near  Trinidad,  Colo.  (5697);  near 
Cokedale,  Colo.  (5702);  Wootton,  Colo.  (5712); 
Wet  Canyon,  4  miles  north  of  Weston,  Colo. 
(5799) ;  North  Fork  of  Purgatoire  River,  Colo., 
locality    136    (5801);    Tercio,    Colo.    (6803); 
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Vermejo  Valley  near  the  mouth  of  Salyers 
Creek,  N.  Mex.  (5826);  Raton  field,  Canadian 
Canyon,*  1  mile  east  of  Jones  Canyon  (5291); 
collected  by  or  for  G.  B.  Richardson's  party — 
Powell  Arroyo,  near  locality  107,  near  Trinidad, 
Colo.  (5111);  south  side  of  Apishapa  River,  Colo. 
(51 19) ;  5  miles  above  Aguilar,  Colo.  (5122) ;  one- 
half  mile  north  of  North  Fork  of  Purgatoire 
River,  between  Virgil's  and  Wood's  ranches 
(5114);  collected  by  Orestes  SI.  John — Woot- 
ton,  Colo.,  Smith  ranch.  South  Raton  Canyon, 
N.  Mex.;  Morley  coal  district,  (Uolo.;  collected 
by  F.  H.  Knowlton — south  end  of  Raton  tunnel, 
6  miles  north  of  Raton,  N.  Mex.  (5464). 

Magnolia  leei  Knowlton. 

Plate  LXIV,  figure  2;  Plate  LXV,  figure  2;  Plate  LXXXI, 

figure  2. 

Magnolia  leei  Knowlton,  in  Berry,  U.  S.  (jeol.  Survey  Prof. 
Paper  91,  p.  215,  pi.  43,  figs.  1,  2,  1916. 

Leaves  small  or  medium,  elliptical  or  ellip- 
tical-lanceolate in  shape,  more  or  less  wedge 
shaped  at  base,  long  taper  pointed  at  apex; 
margin  entire,  sUghtly  yndulate;  midrib  strong, 
straight;  secondaries  about  nine  pairs  in  the 
smaller  leaves  and  eighteen  to  twenty  pairs  in 
the  larger  leaves,  alternate,  irregular,  some- 
what curved  upward,  camptodrome,  forming 
broad  loops  near  the  margin;  finer  nervation 
obscure. 

Three  of  the  best  specimens  are  figured.  Of 
these  the  largest  is  about  23  centimeters  long 
and  nearly  6.5  centimeters  Avido  at  a  point  just 
below  the  middle.  The  next  in  size  is  about 
14  centimeters  long  and  the  same  width  as  the 
largest,  and  the  smallest  is  13  centimeters  long 
and  5.5  centimeters  wide.  The  long,  slender 
apex  is  well  shown  in  two  of  these  specimens; 
in  the  third  it  is  somewhat  shorter  and  is  per- 
haps not  all  preserved. 

It  is  with  some  hesitation  that  this  is  de- 
scribed as  a  new  species,  especially  when  there 
are  so  many  species  already  named  from  those 
beds.  It  is  perhaps  most  closely  related  to 
Magnolia  magnifolia  and  M.  Mlgardiana^  but 
differs  from  M,  magnifolia  in  size,  somewhat  in 
shape,  and  in  its  taper-pointed  apex,  and  from 
M.  hilgardiana  in  size,  in  its  taper-pointed 
apex,  and  slightly  in  the  disposition  of  its 
secondaries. 

Occurrence:  Raton  formation  (Tertiary), 
Vermejo  Park,  N.  Mex.,  collected  by  W.  T. 
Lee  (5826);  dump  from  mine  at  Primero,  Colo., 


collected  by  W.  T.  Lee  (5798).  A 
formation,  Hurleys,  Miss.  Lagrange 
tion  (in  beds  of  Wilcox  age),  Puryear, 

Magnolia  lesleyana  Lesquereux. 

Plate  LXXXII,  figures  1,  2. 

Magnolia  lesleyana  Lesquereux,  Fossil  plants  fro 
tiary  of  Mississippi:  Am.  Philos.  Soc.  Trai 
p.  421,  pi.  21,  figs.  1,  2,  1869;  U.  S.  Ge 
Terr.  Ann.  Rept.,  1870,  p.  382,  1871;  i( 
Suppl.,  p.  14,  1872;  U.  S.  Geol.  and  Ge< 
Terr.  Ann.  Rept.,  1873,  pp.  382,  403,  11 
1876,  p.  613,  1878;  U,  S.  Geol.  Sur\'ey  T 
vol.  7  (Tertiary  flora),  p.  248,  pi.  44,  figs. 

Terminalia  lesleyana  (Lesquereux)  Berry,  U. 
Sur\'ey  Prof.  Paper  91,  p.  323,  pi.  89,  191( 

Leaves  large,  coriaceous  in  texture, 
rather  abruptly  narrowed  from  ab 
middle  to  a  rather  obtuse  apex  and  to  ; 
shaped  base;  midrib  extremely  thick,  e 
below;  secondaries  about  twelve  paii 
nate,  distant,  irregular;  finer  nervatioj 
obsolete. 

Magnolia  lesleyana  was  originaDy  c 
from  the  "Eo-lignitic''  (Wilcox  fo 
Eocene)  of  Mississippi,  and  the  type  s] 
are  presumably  preserved  in  the  Museu 
Stat«  University  at  Oxford. 

Tliis  species  was  subsequently  repc 
lesquereux  from  Fishers  Peak  in  th 
Mountains,  N.  Mex.;  the  specimens  c 
his  determination  was  based  are  pres 
the  United  States  National  Museum  (I 
6  specimens,  772,  925).  In  "The 
flora, '^  figure  3,  Plate  XLIV,  is  a  copy 
XXI,  figure  2,  of  the  "Fossil  plants  i 
Tertiary  of  Mississippi,*'  but  the  orig 
not  bo  fomid.  The  original  of  figure  ] 
Fishers  Peak,  N.  Mex.,  and  is  in  the 
collection.  The  original  of  figure  2  ca 
found;  it  has  somewhat  the  appeal 
being  the  coimterpart  of  Plate  XXI,  fig 
the  "  Fossil  plants  from  the  Tertiary  o 
sippi,*'  but  this  is  merely  surmise. 

Though  none  of  the  specimens  from 
Peak  is  perfect  they  are  imdoubtedly  t 
as  the  leaves  from  Mississippi.  As  Les 
has  said,  the  species  is  well  characterize 
very  large,  entire  leaves,  obovate-spat 
shape,  enlai^ed  above  the  middle,  froi 
point  they  narrow  to  a  short  thick  pet 
upward  to  an  obtuse  rounded  point, 
eral  nerves  are  distant,  strong,  and 
drome. 
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The  United  States  National  Museum  con- 
tains a  specimen  (No.  925)  recorded  as  doubt- 
fully from  Evanston,  Wyo.  It  is  similar  to  the 
leaves  from  Fishers  Peak  and  is  preserved  on  a 
hard  fine-grained  gray  sandstone,  unlike  the 
usual  matrix  at  Evanston.  It  seems  hardly 
likely  that  it  could  have  come  from  that  place, 
but  it  is  impossible  to  be  positive  regarding  its 
habitat. 

A  single  specimen,  much  broken  and  doubt- 
fully identified  with  this  species,  is  reported 
from  Golden,  Colo.,  but  it  can  not  now  bo  jfoimd, 
and  no  othejs  appear  to  have  beem  obtained 
from  this  locaUtv. 

The  recent  collections  made  bv  W.  T.  Lee 
contain  a  number  of  specimens  of  this  species 
and  appear  to  settle  more  clearly  than  ever  the 
identity  with  the  Mississippi  types.  They  also 
settle  beyond  reasonable  doubt  that  the  mate- 
rial studied  by  Lesquereux  from  Fishers  Peak 
was  from  beds  in  the  same  stratigraphic  posi- 
tion as  the  collections  made  by  Mr.  Lee. 

Occurrence:  Wilcox  formation  (Tertiary); 
types,  Mississippi.  Raton  formation  (Ter- 
tiary) ;  Fishers  Peak,  Raton  Mountains,  N. 
Mex.,  Lesquereux^s  material  in  United  States 
National  Museum;  collected  by  W.  T.  Lee — 
near  Trinidad,  Colo.,  at  locality  106  (5697); 
south  wall  of  Purgatoire  Canyon  at  mouth  of 
Riley  Canyon  near  Cokedale,  50  to  150  feet 
above  the  basal  conglomerate  (5704);  Turner 
mine  IJ  miles  north  of  Wootton,  Colo.  (5714); 
Wet  Canyon,  4  miles  northwest  of  Weston, 
Colo.  (5.S25);  collected  by  G.  B.  Richardson's 
party^Bear  Canyon  near  Berwind,  Colo. 
(5095);  RQey  Canyon,  Colo.  (5105);  collected 
by  Orestes  St.  John,  Wootton,  Colo.;  South 
Raton  Canyon. 

Magnolia  regalis?  Heer. 

Plate  LXXXVII. 

Magnolia  regalis  TIeer,  Mora  fossilis  arctica,  vol.  4,  Abt.  1 , 
p.  81,  pi.  20,  1877. 

In  the  collections  from  Wet  Canyon,  near 
Weston,  Colo.,  is  the  single  large  leaf  figured, 
which  is  thought  probable  to  be  the  same  as 
Heer's  Magnolia  regalis,  from  Cape  Lyell, 
Spitzbergen.  Heer's  type  specimen  is  only 
a  fragment  from  the  middle  of  the  leaf,  the 
remainder  being  restored  as  it  was  thought  to 
have  been.  It  was  somewhat  larger  than  the 
present  leaf,  being  about  20  centimeters  long 
and    18   centimeters   wide,   whereas   the  one 


from  Weston  is  only  about  16  centimeters 
long  and  about  13  centimeters  wide.  Very 
little  of  the  margin  is  preserved  in  the,  present 
specimen,  but  so  far  as  can  be  made  out  it  was 
somewhat  undulate.  The  secondaries  are  nu- 
merous— about  a  dozen  pairs — alternate,  and 
at  about  the  same  angle  as  in  J/,  regalis.  Most 
of  the  few  nerviUes  shown  in  Heer^s  figure  are 
once  forked  but  appear  to  have  been  fewer,  at 
least  as  preserved,  than  in  the  present  speci- 
men, in  which  the  nervilles  are  very  numerous 
and  uniform,  and  are  mainly  percurrent.  They 
are  nearly  at  right  angles  to  the  secondaries, 
suggesting  the  genus  Ficus,  but  until  more  and 
better  preserved  material  is  available  the 
specimen  should  be  referred  to  M,  regalis. 

Occurrence:  Raton  formation  (Tertiary); 
Wet  Canyon,  4  miles  northwest  of  Weston, 
Colo.,  collected  by  W.  T.  Lee  (5799). 

Magnolia  rotundifolia  Newberry. 

Plato  LXXXIII. 

Magnolia  rotundifolia  Newberry,  U.  S.  Nat.  Mus.  Proc., 
vol.  5,  p.  513,  1883;  U.  S.  Geol.  Survey  Mon.  35, 
p.  95,  pi.  59,  fig.  ],  1898. 

This  species  was  described  by  Newberry  as 
follows- 

Leaves  petioled,  large  (8  inches  in  length  by  6  inches  in 
width),  round-ovate  in  outline,  rounded  or  blunt  pointed 
above  and  slightly  wedgB  shaped  below;  margins  entire; 
nerv^ation  open  and  delicate;  four  to  six  lateral  branches 
given  off  from  the  midrib  at  remote  and  irregular  distances, 
curving  gently  ui)ward  and  forming  festoons  near  the 
margin. 

After  comparing  this  species  with  Magnolia 
regalis  Heer  and  M.  nordenskioldi  Heer  and 
pointing  out  wherein  they  differ  fix)m  it  New- 
berry continues : 

A  number  of  specimens  in  the  collection  show  some 
diversity  of  form,  and  it  is  possible  that  the  leaf  figured  is 
more  rounded  and  less  pointed' than  the  average,  but 
unless  there  should  be  very  great  departure  from  this 
standard  there  is  little  probability  of  this  species  being 
united  with  any  other. 

On  tentatively  restoring  the  apex  of  the 
example  figured  by  Newberry  in  accordance 
with  the  apparent  direction  of  the  margins  and 
the  nervation,  it  would  seem  to  be  more 
pointed  than  either  description  or  figure  would 
now  indicate,  and  this  is  made  the  more  prob- 
able by  the  additional  remarks  concerning 
other  specimens  in  the  collections  before  him. 

The  leaf  here  figured  is  very  imperfect  below 
but  is  very  well  preserved  above.    It  is  of 
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about  the  same  size  and  configuration  as  the 
leaf  figured  by  Newberry,  but  its  apex  is  rather 
abruptly  pointed,  much  as  it  is  presumed  the 
other  was  when  perfect.  The  light,  irregular, 
scattered,  secondary  nervation  is  about  the 
same  as  shown  in  the  original  figure.  The  base 
is  wanting  or  is  so  obscured  that  it  can  not  be 
made  out  with  any  certainty. 

The  type  of  Magnolia  rotundifolia  came  from 
Fishers  Peak,  Colo.,  but  with  no  precise  infor- 
mation as  to  whether  it  was  from  above  or 
below  the  unconformity,  though  the  presump- 
tion is  very  strong  that  it  came  from  above. 
From  the  appearance  of  the  matrix  as  well  as  the 
plant  associations  it  is  not  thought  probable 
that  any  of  the  older  material  came  fi-om  the 
lower  (Montana)  beds. 

Occurrence :  Raton  formation  ?  (Tertiary) ; 
Fishers  Peak,  Colo.,  type.  Raton  formation 
(Tertiary) ;  dump  of  the  Turner  mine,  1^  miles 
north  of  Wootton,  Colo.,  collected  by  W.  T. 
Lee  (5714),  on  the  same  stone  with  Andromeduf 
lanceolata;  Green  Canyon  mine,  locality  119, 
near  Aguilar,  Colo.  (5684) . 

Magnolia  cordifolia  Lesqnerenx. 

Plate  LXXXVI;  Plate  LXXXVIII,  figure  1. 

Magnolia  cordifolia  Leequereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  422;  pi.  22,  figs.  1,  2, 1869. 

This  species  is  relatively  large,  broadly 
ovate  or  broadly  ovate-elUptical  in  shape,  with 
a  truncate  or  slightly  cordate  base  and  a  short 
acuminate  apex.  The  petiole  is  not  pre- 
served in  any  of  the  Colorado  examples,  but  in 
the  Mississippi  specimens  it  is  very  thick,  the 
midrib  is  relatively  strong  and  has  about  nine 
or  ten  pairs  of  mainly  alternate  secondaries 
at  a  low  angle,  these  arching  some  distance 
inside  the  margin. 

Magnolia  cordifolia  was  described  by  Les- 
quereux  from  the  so-called  ^'Eo-lignitic'*  (Wil- 
cox formation)  of  Mississippi.  The  Trinidad 
specimens,  one  of  the  best  of  which  is  here  fig- 
ured (PI.  LXXXVI,  fig.  1),  appear  to  agree  in 
every  essential  particular  with  those  from 
Mississippi  and  are  referred  without  hesitation 
to  Lesciuereux's  species.  An  additional  finely 
preserved  example  from  Green  Canyon  near 
Aguilar,  which  has  also  been  figured  (PI. 
LXXXVIII,  fig.  1),  agrees  perfectly,  so  far  as 
can  bo  made  out,  with  Lesquereux's  figure  2 
and  description.  In  the  Green  Canyon  speci- 
men figured  the  apex  is  rather  abruptly  but 


distinctly  pointed.     In  the  Mississip 

men  the  extreme  apex  is  not  prese: 

from  its  configuration  in  the  upper  j 

seems  practically  certain  that  it  also 

vided  with  an  acuminate  apex.     Tl 

specimen  figured  by  Lesquereux  (fig.  1 

also  to  hav^  an  acuminate  apex,  bu 

who  has  had  access  to  the  original  s 

says:  *'By  chipping  away  more  of  th 

in  the  type  specimen  it  was  found 

distal  margin  was  abruptlv  roimded  « 

this  as  it  may,  I  am  firmly  convinced 

Colorado    specimen    is    conspecific    ^ 

smaller  of  the  two  Mississippi  specimei 

by  Lesquereux. 

Recently  Berry  ^  has  combined  Les< 

Magnolia  ovalis  and  Ma^noliu  cordifo 

the  name  Combretum  ovalis  (Lesquei 

the  ground  that  they  can  not  be  sepai 

that  they  show  affinity  to  Combretu 

than  to  Magnoliu,     His  description  i 

as  follows: 

Leaves  relatively  large,  elliptical  or  orbicula 
outline,  the  apex  rounded  or  bluntly  pointed,  a 
very  broadly  rounded  or  truncate.    Length  i 
12  to  15  centimeters.   Maximum  width,  in  the  i 
of  the  leaf,  ranges  from  5.5  to  12  centimeters 
alx)ut  9  centimeters.     Margins  entire,  full, 
evenly  rounded.    Leaf  substance  thin  but 
sul)coriaceous.    Petiole  very  stout  and  curve 
very  stout,   curved.    Secondaries   relatively 
prominent.    Their  spacing  variable,  in  genera 
mote;  they  branch  from  the  midrib  at  angU 
more,  pursue  a  regularly  curved  subparallel 
are  camptodrome  in    the    marginal    region, 
usually  about  eight  subopposite  to  alternate  ] 
tiary  venation  entirely  obsolete. 

This  description  appears  to  have  be( 
in  large  part  at  least,  from  the  leav( 
by  Lesquereux  as  Magnolia  ovalis  a 
mens  probably  conspecific  with  them, 
not  altogether  fit  the  description  ar 
of  Magnolia  cordifolia.  I  have  not  s 
the  Wilcox  material  and  therefore  a 
position  to  pass  critical  judgment 
matter,  but  I  can  not  escape  the  c 
that  possibly  two  forms  have  been 
imder  the  one  name.  Berry  has  g 
figures  of  Comhretum  ovalisy  of  which 
XCIV,  figure  1,  is  a  reproduction 
quereux^s  figure  2  of  Magnolia  cordij 
his  Plate  XCV,  figure  1,  is  the  origin 
quereux^s   figure   3    of    Magnolia   ov 

»  Berry,  E.  W.,  The  lower  Eocene  floras   of   southi 
America:  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  321, 1916. 
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otyalis  is  a  much  longer  leaf  with  the  secondaries 
much  thinner  and  more  remote.  In  general 
appearance  these  leaves  appear  quite  different 
and  at  least  for  the  present  I  propose  to  main- 
tain them  as  distinct.  The  question  of  its  refer- 
ence to   Comhretum  will  not  be  discussed  at 

present. 

Occurrence:  Raton  formation  (Tertiary; ; 
near  Trinidad,  Colo.,  locahty  106,  collected  by 
W.  T.  Lee  (5697) ;  dump  of  Green  Canyon  mine, 
locahty  119,  near  Aguilar,  Colo.,  collected  by 
W.  T.  Lee  (5684).  Wilcox  formation  (Ter- 
tiary); Mississippi  and  Louisiana. 

Family  LAURACEAE. 

Laiinis?  caudata  Knowlton,  n.  sp. 

Plate  LXXXIX,  figure  1. 

Leaf  large,  coriaceous  in  texture,  slightly 
obovate-lanceolate  in  shape,  broadest  at  or 
slightly  above  the  middle,  thence  narrowed 
regularly  to  the  wedge-shaped  base,  and  above 
rather  abruptly  rounded  into  the  exceedingly 
long,  slenderly  acuminate  tip;  margin  shghtly 
undulate;  midrib  very  thick  below,  then  becom- 
ing very  thin  above;  secondaries  irregular, 
about  seven  or  eight  pairs,  sttongly  alternate, 
emerging  at  a  very  low  angle,  then  strongly 
curved  upward,  especially  on  one  side,  where 
they  run  along  wejl  inside  the  margin  for 
long  distances,  all  camptodrome;  intermediate 
secondaries  occasional:  finer  nervation  not 
retained. 

This  splendid  loaf  is  nearly  perfect,  lacking 
only  a  very  small  portion  of  the  base.  Its 
length  is  23  centimeters  and  its  width  nearly 
7  centimeters.  It  is  well  characterized  by  its 
large  size,  obovate-lanceolate  shape  with  long, 
obtusely  wedge-shaped  base  and  exceeduigly 
long,  dender,  acuminate  apex  and  irregular 
secondary  nervation,  with  the  michlle  second- 
aries especially  curved  upward  for  very  long 
distances. 

The  basal  half  of  this  fine  leaf  is  strongly 
suggestive  of  leaves  that  have  usually  been  re- 
ferred to  Ma^jnoliaj  such  for  instance  as  that 
here  described  as  M.  ma^nifolia  or  certain  of 
the  broader  forms  of  M,  angustifolia.  It  dif- 
fers, however,  in  its  long  slender  tip  and  in  the 
secondary  nervation.  Unless  this  nervation  is 
abnormal,  of  which  there  is  no  particular  evi- 
dence, this  leaf  can  hardly  be  referred  to 
Magnolia, 


Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  above  Wootton 
coal  bed,  collected  by  W.  T.  Lee  (5712). 

Laums  ratonensis  Knowlton,  n.  sp. 

Plate  XCI,  figs.  1-4. 

Ficus  pseudolmedia/olia  Berry,  U.  S.  Geol.  Survey  Prof. 
Paper  91,  p.  205,  1916. 

Leaves  evidently  coriaceous  in  texture,  nar- 
rowly lanceolate,  rather  abruptly  rounded  and 
obtuse  at  base,  acuminate  at  apex;  margin  en- 
tire or  shghtly  imdulate;  midrib  relatively 
strong;  secondaries  niunerous,  fifteen  or  eigh- 
teen pairs,  mostly  alternate,  at  a  very  low 
angle,  arching •welj  below  the  margin  and  join- 
ing the  one  next  above  in  a  broad  loop;  inter- 
mediate secondaries  occasional;  finer  nervation 
producing  a  close,  dehcate,  irregular  areolation. 

This  species  is  represented  by  fifteen  or 
twenty  leaves,  many  of  them  nearly  perfect. 
They  are  narrowly  lanceolate-acumbiate  with  a 
rounded,  somewhat  obtuse  base,  and  entire  or 
very  shghtly  undulate  margin.  Their  length 
is  about  10  centimeters  and  the  width  2  to  2.5 
centimeters;  none  has  the  petiole  preserved. 

This  species  is  certaiidy  very  close  to  if  not 
identical  with  what  Lesquereux  ^  identified  as 
Laurue  primigenia  Unger,  from  Evanston, 
Wyo.  Unfortunately  none  of  the  Evanston 
material,  figured  or  otherwise,  can  now  be 
foimd  in  the  collections  of  the  United  States 
National  Museum,  nor  is  there  evidence  to 
show  that  it  was  ever  there.  We  must  there- 
fore depend  entirely  upon  Lesquereux's  figiu*es. 
His  originals  were  found  in  the  same  beds 
with  and  arc  certainly  very  close  to  Laums 
socialis  Lesquereux,^  being,  according  to  Les- 
quereux, ''narrowly  lanceolate,  more  distinctly 
acummate,  and  narrowly  cmieate,'*  all  com- 
parative or  relative  characters  which  are  really 
of  very  little  weight.  The  specimens  under 
consideration  are  certaiidy  very  similar  to  Les- 
quereux^s  figures  of  Lauras  primigenia. 

That  Lauras  jrrimigenia  is  a  very  polymor- 
phic species  is  indicated  by  the  forms  that  have 
been  referred  to  it  by  various  European  paleo- 
botanists,  but  it  is  hard  to  reconcile  Lesque- 
reux's  figures  with  any  of  them,  though  it  is 
not  greatly  unhke  those  of  some  of  the  narrow 

1  The  Tertiary  flora:  XJ.  S.  Gool.  Survey  Terr.  Rept.,  vol.  7,  pi.  86^ 
flgs.  5,  6,  8,  1878. 
>  Idem,  pi.  36,  flgs.  1-4, 7. 
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leaves  of  the  European  forms,  such,  for  in- 
stance, as  those  figured  by  Unger  *  from  Sotzka. 

Lesquereux's  Evanston  leaves  are  very  un- 
like many  that  have  been  subsequently  re- 
ferred to  L.  i^migeniay  such,  for  example,  as 
thpso  given  by  Ward  ^  from  Carbon  and  Point 
of  Rocks,  Wyo.,  and  by  HoUick*  from  the 
'*Eo-lignitic"  (Wilcox  formation)  of  Coushatta, 
La.  It  seems  more  than  probable  that  the 
Evanston  leaves  belong  to  an  uimamed  species 
of  Lauras  and  not  to  L.  primi^enia,  and  the 
question  arises  as  to  whether  they  might  not 
be  referred  to  the  same  species  as  the  Raton 
leaves  under  discussion,  namely,  to  L.  ratonm- 
sis.  However,  in  the  absence  of  either  type  or 
subsequently  collected  material  for  compari- 
sen  it  has  seemed  as  well  to  leave  them  dis- 
tinct, at  least  for  the  present.  They  are,  if 
anything,  a  little  larger  than  the  Evanston 
leaves  and  rather  more  abrupt  at  base,  but 
these  differences  are  but  slight. 

In  1888  Lesquereux  *  reported  the  presence 
of  L.  primigenia  in  the  Denver  formation  at 
Golden,  Colo.,  but  his  specimens  have  not  been 
seen  by  the  wTiter,  so  it  is  not  possible  to  tell 
whether  they  are  of  the  tj-pe  of  the  Evanston 
leaves  or  of  the  European  forms.  The  large 
recent  collections  from  Golden  do  not  seem  to 
contain  the  species. 

The  species  under  consideration  has  aLso 
some  resemblance  to  one  of  the  leaves  of  Tet- 
ranihera  sessiliflora  Lesquereux,'  now  Mala^ 
2>o€nna  weediana  (Knowlton)  Knowlton,"  from 
the  Livingston  formation  of  Montana,  but  the 
leavi»s  are  larger  and  longer,  and  the  nervation, 
though  of  the  same  t3rpe,  is  at  a  more  acute 
angle. 

Lauras  raionensis  may  also  be  compared 
with  Quercus  simplex  Newberry,^  from  the  Eo- 
cene of  the  John  Day  Basin,  Oreg.,  but  it  is 
much  larger  and  has  a  slightly  different  second- 
ary nervation. 


»  Unger,  F,,  Die  fossUe  Flora  von  Sotzka,  pi.  10,  figs.  1-4, 1S.'.0, 
«  Ward,  L.  F.,  Types  of  the  Laramie  flora:  U.  S.  r.eol.  Survey  Bull. 
37,  pi.  23,  fljjs.  »-10, 1887. 

•  I  rollick,  Arthur,  A  report  on  a  collection  vf  fossil  plants  from  north- 
western Ix)uisiana:  Ix)uisiAna  Expcr.  Sta.,  pi.  .•>,  p. 284,  pi. 41,  flgs.  1,  2, 
IWO. 

«  Harvard  Coll.  Mus.  Comp.  Zoology  Bull.,  vol.  if.,  p.  50,  1888. 
»  The  Tertlarj' flora:  U.  S.  Geol.  Survey  Torr.  Kept.,  vol.  7.  pi.  35, 
fig.  0, 1878. 

•  A  catalogue  of  the  Cretaceous  and  Tertiary  plants  of  North  America: 
U.  8.  (leol.  Survey  Bull.  152,  p.  142,  1H98. 

»  Nowljcrry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  S. 
<J«ol.  Survey  Mon.  35,  pi.  63,  fig.  C,  1898. 


Lauras  raionensis  is  foimd  also,  ace 
Berry,  in  the  Wilcox  formation,  wl 
relatively  abundant.  He  has,  how 
scribed  it  imder  the  name  of  Fid 
olmediafolia. 

Occurrence:  Raton  formation  C 
Honeyfield  mine  near  Yankee,  N.  Me: 
al)ove  the  base  of  the  Raton  forma 
lected  by  W.  T.  Lee  (5140).  Wilcc 
tion  (Tertiary) ;  Tennessee  and  Arkan 

Laiims  pedatas?  Lesquereux. 

Lattrus  pedatus  Leequereux,  Am.  Philos.  Soo. 
13,  p.  418,  pi.  10,  fig.  1,  1869. 

The  collections  from  above  the  cong 
but  more  particularly  the  one  from  G 
yon  near  Aguilar,  contain  a  number 
that  are  apparently  referable  to  thi 
They  are  long  and  narrowly  lanceolal 
vate-lanceolate,  with  a  very  larg< 
shaped  base  and  extremely  thick  mi 
the  leaves  are  so  thick  in  texture  aiu 
vat  ion  is  so  obscurely  preserved  it  is 
with  the  greatest  difficulty,  but  so  f 
be  seen  it  appears  to  be  about  the 
that  shown  in  the  type  figures.  It 
scribed  originally  from  the  ''Eo-lignil 
cox  formation)  of  Mississippi. 

Berry  *  has  transferred  the  Laurus 
Lesquereux  to  the  genus  Osmanthu. 
ground   of   its   apparent   resemblanc 
living   Osmanthus   americanus   Bent 
Hooker. 

Occurrence:  Raton  formation  (' 
dump  of  Green  Canyon  mine,  locality 
Aguilar,  Colo.,  coUected  by  W.  T.  L 
Wilcox  formation  (Tertiary) ;  Mississ 

Laurus  socialis  Lesquereux. 

Plate  XCT,  figure  5. 

Launts  socialis  Lesquoroux,  U.  S.  Oeol.  S 
Rept.,  vol.  7  (Tertiary  flora),  p.  213, 
1-4,  7,  1878. 

The  type  and  all  the  figured  spe 
this  species  are  said  to  have  come  fro 
ton,  Wyo.,  in  beds  then  regarded  as 
in  age  but  now  beheved  to  be  young 
three  of  the  type  specimens  are  nc 
United  States  National  Museum, 
impossible  to  ascertain  whether  they 
came  from  the  same  locality. 

•  Berry,  E.  W.,   The  lower   Eocene   fljras  of  south 
America:  U.  8.  CJeol.  Survey  Prof.  Paper  91,  p.  341,  pi.  < 
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The  example  here  figured  agrees  in  all  essen- 
tial particulars  with  certain  of  the  smaller  of 
the  figured  types,  and  there  is  no  reasonable 
doubt  regarding  then-  identity. 

Occurrence:     Raton    formation    (Tertiary); 

dump  of  mine  at  Delagua,  Colo.,  collected  by 

W.  T.  Lee  (5690) ,  on  same  stone  with  MagTwlia 

magnifolia,     M,    angustifolia,    and    ZizypJius 

fibriUosus;    Vermejo    Valley    near    mouth    of 

York  Canyon,  N.  Mex.  (5241) ;  5  miles  above 

-fVguilar,  Colo.,  collected  by  G.  B.  Richardson 

(5046) . 

Laurus  utahensis  Lesquereux. 

Plate  XC,  figure  4. 

Laurus  utahensis  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Kept.,  voL  7  (Tertiary  flora),  p.  216,  pi.  26,  fig. 
11,  1878. 

The  leaf  figured,  which  lacks  a  small  portion 
only  of  the  base  and  apex,  I  am  unable  to 
distinguish  from  the  Laurus  utahensis  of 
Lesquereux,  which  came  originally  from  Bridger 
Pass,  Wyo.,  in  beds  of  Tertiary,  probably  Fort 
Union,  age.  It  is  a  little  larger  than  the  type 
specimen,  being  about  11  centimeters  long 
and  5  centimeters  wide  as  compared  with  9.5 
and  4  centimeters,  respectively,  and  it  is  also 
slightly  more  wedge  shaped  at  base.  Other- 
wise neither  in  shape  nor  in  details  of  nerva- 
tion are  the  two  distinguishable.  This  species 
has  also  been  reported  from  the  Wilcox  forma- 
tion of  Louisiana. 

Occurrence:  Raton  formation  (Tertiary); 
Wet  Canyon,  about  4  miles  northwest  of 
Weston,  Colo.,  50  to  100  feet  below  base  of 
Poison  Canyon  formation,  collected  by  W.  T. 
Lee  (5799).  Wilcox  formation  (Tertiary); 
Louisiana. 

Nectandra  lancifolia  (Lesquereux)  Berry. 

Plate  XC,  figures!,  2. 

Persea  lancifolia  Lesquereux,  Am.  Philos.  Soc.  Trans., 
vol.  13,  p.  419,  pi.  19,  fig.  4,  1869. 

Nectandra  lancifolia  (Lesqueroux)  Berry,  U.  S.  Geol.  Sur- 
vey Prof.  Paper  91,  p.  308,  pi.  85,  fig.  2,  1916. 

The  leaf  here  figured  is  not  to  be  distinguished 
from  the  smaller  of  the  two  type  specimens  of 
this  species  as  figured  by  Lesquereux.  Hereto- 
fore it  has  been  known  only  from  the  type 
locality,  which  is  in  the  Wilcox  formation  of 
Mississippi. 

Occurrence :  Wilcox  formation  (Tertiary) ; 
types,  Mississippi.  Raton  formation  (Terti- 
ary) ;  collected  by  W.  T.  Lee — Vermejo  Valley, 


near  mouth  of  Salyers  Creek,  N.  Mex.,  about 
1,000  feet  above  the  base  of  the  Raton  forma- 
tion (5826) ;  Wet  Canyon,  4  miles  northwest  of 
Weston,  Colo.  (5825) ;  Green  Canyon  mine,, 
locality  119,  near  Aguilar,  Colo.  (5684). 

Oreodaphne?  ratonensis  Knowlton,  n.  sp. 

Plate  LXXXVIII,  figure  2. 

Leaf  of  medium  size,  coriaceous  in  texture, 
ovate  broadest  near  the  middle,  whence  it 
tapers  in  about  the  same  degree  to  the  wedge- 
shaped  base  and  the  acuminata  apex;  petiole 
short;  midrib  quite  strong  below,  much  thinner 
above;  secondaries  about  seven  pairs,  the 
strongest  pair  arising  some  distance  above  the 
base,  at  an  angle  of  about  45°,  camptodrome 
and  joining  the  lowest  tertiary  branch  on  the 
next  higher  pair  of  secondaries,  each  with  five 
or  six  tertiary  cam})todromo  branches  on  the 
outside;  two  pairs  of  light  secondary  branches 
below  the  principal  pair  and  about  five  pairs 
above,  each  usually  with  outside  camptodrome 
tertiary  branches;  nervillcs  fairly  numerous, 
unbroken,  and  at  right  angles  to  the  secondary 
or  tertiary  branches  between  which  they  run. 

This  splendid,  nearly  perfect  leaf  is  imfortu- 
nately  the  only  one  found  in  the  collections. 
It  is  about  14  centimeters  in  length  and  5.5- 
centimeters  in  width;  the  petiole  is  nearly  1 
centimeter  in  length  and  probably  is  not  com- 
pletely preserved. 

It  is  with  some  hesitation  that  this  species  is 
referred  to  the  genus  Oreodaphne^  but  it  un- 
doubtedly has  a  lauraceous  facies  and  on  the 
whole  seems  to  be  at  least  generically  related 
to  the  recently  described  0.  alabamensis 
Berry  ^  from  the  Mosozoic  of  Texas.  In  any 
event,  it  is  a  well-marked  species  for  strati- 
graphic  uses. 

Occurrence:  Raton  formation  (Tertiary); 
1  mile  north  of  TrujiUo  Plaza,  Colo.,  collected 
bv  W.  T.Lee  (56S7). 

Cinnamomum?  ficifolium  Knowlton,  n.  sp. 

Plate  X(\  figure  3. 

Leaf  apparently  membranaceous  in  texture,, 
ovate  or  ovate-elliptical,  base  rather  abruptly 
and  obtusely  w^edge  shaped  (apex  destroyed) ; 
petiole  very  long  and  slender;  nervation  light 
and  delicate,  equally  three  ribbed  from  the 
apex  of  the  petiole  in  the  very  base  of  the 

»  Berry,  K.  W.,  Contributions  to  the  Mesozolc  flora  of  the  Atlantic 
Coastal  Plain:  Torrey  Dot.  Club  Bull.,  vpl.  39,  p.  400,  pi.  32,  flg.  1, 1912- 
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blade,  the  lateral  ribs  at  a  very  acute  angle  of 
divergence,  running  close  to  the  midrib  high 
up  near  the  apex  of  the  blade,  each  with 
several  dehcate  secondary  camptodrome 
branches  on  the  outside;  finer  nervation  not 
preserved. 

This  leaf — the  only  one  observed — is  unfortu- 
nately very  imperfect,  lacking  all  of  the  upper 
portion;  the  basal  portion,  however,  is  so  very 
remarkable  that  I  have  ventured  to  describe 
it  as  new.  Its  length  when  complete  was 
probably  about  8  centimeters  and  its  width 
4  centimeters.  The  slender  petiole  is  over  2.5 
centimeters  in  length.  The  striking  feature 
of  this  leaf  is  the  spUtting  of  the  petiole  at 
the  base  of  the  blade  into  three  slender  ribs  of 
equal  strength,  the  lateral  ones  arising  at  a 
very  acute  angle  and  passing  up  almost  parallel 
to  the  midrib  nearly  to  the  apex  of  the  blade. 
The  midrib  was  doubtless  provided  with 
secondary  branches  in  the  extreme  upper 
portion,  but  they  are  not  preserved. 

It  is  with  some  hesitation  that  this  leed  is 
referred  to  the  genus  Oinnamomum,  for  while 
the  leaves  in  this  genus  are  triple  ribbed,  the 
lateral  ribs  ordinarily  arise  some  distance 
above  the  base  of  the  blade.  However,  a 
nxunber  of  fossil  leaves  referred  to  this  genus 
have  the  lateral  ribs  arising  with  the  midrib 
in  the  very  base  of  the  blade,  as  in  the  present 
specimen.  For  instance,  Cinnamomum  huchi 
Heer,^  from  the  Swiss  Miocene,  is  occasionally 
shown  with  ribs  of  this  character,  though  most 
commonly  they  are  figured  as  arising  well 
above  the  top  of  the  petiole.  Oinnamomum 
ehngatum  Saporta,'  of  the  travertins  of  Aix-en- 
Provence,  has  very  much  the  appearance  of  the 
leaf  imder  consideration  but  is  much  narrower 
and  has  a  less  delicate  nervation.  A  leaf  from 
Evanston,  Wyo.,  referred  by  Lesqueroux^  to 
C.  lanceolatum  Heer?,  has  very  similar  ribs 
but  is  narrower  and  apparently  more  pointed. 
Certain  other  forms — Ficus  praetrinerviSj  for 
example  (see  p.  263) — also  suggest  CJidfoliumy 
but  do  not  possess  its  long,  slender  petiole  and 
deUcate  straight  ribs. 

Occurrence:  Raton  formation  (Tertiary): 
Apishapa  Canyon,  one-half  mile  west  of  Abeton, 
Colo.,  collected  by  W.  T.  Lee  (5686). 

»  Flora  tertiaria  Helvetiac,  vol.  2,  pi.  105,  fig.  7, 1856. 

sSaporta,  0.  de,  Demi6res  adjonctions  k  la  llore  fossile  d'Aix-en- 
Provence,  pi.  6,  fig.  3, 1889. 

•The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pi.  36, 
Qg.  12, 1878. 


Cinnamonram  linifolhim  Knowlton*  n.  sp. 

Plate  LXXXVIII,  figures  3-7. 

Leaves  firm  in  texture,  from  linear  to  li: 
lanceolate,  long  and  narrowly  wedge  shapi 
base,  apparently  rather  obtuse  at  apex;  n< 
tion  triple  ribbed  from  the  very  top  ol 
petiole,  midrib  the  stronger,  straight;  la 
ribs  more  slender,  ascending  nearly  or  qui 
the  apex  of  the  blade  (additional  nervi 
not  observable). 

This  form  is  represented  by  a  dozen  or  : 
leaves,  of  which  a  series  of  four  is  figure 
Plate  LXXXVIII  to  show  the  range  in 
The  smallest  (fig.  7)  was  probably  abo 
centimeters  long  and  1  centimeter  wide, 
next  (fig.  6)  is  3.5  centimeters  long  ai 
centimeter  wide,  with  a  petiole  about  4  i 
meters  long;  this  leaf  may  not  be  quite  nc 
in  that  it  is  more  obtuse  than  the  others  m 
appear  to  have  been.  Figure  4  shows  a 
6  centimeters  long  and  1.5  centimeters  b: 
The  largest  (fig.  3)  is  about  7  centimeters 
and  2.25  centimeters  wide,  with  a  petiole  a 
6  miUimeters  long.  As  regards  the  nerv; 
it  is  altogether  probable  that  there  were  sec 
ary  branches  on  both  the  midrib  and 
lateral  ribs,  but  beyond  the  triple-ribbe< 
rangement  nothing  is  now  discernible 
traces  of  the  still  finer  nervation  is  of  c< 
obsolete. 

It  is  with  some  hesitation  that  these  1< 
are  referred  to  the  genus  Cinnarnomum  oi 
count  of  the  fact  that  the  three  ribs  all 
at  the  very  top  of  the  petiole  instead  < 
appreciable  distance  above,  as  in  most  L 
of  the  genus.  Occasionally,  however,  a 
referred  to  this  genus  is  depicted  as  havin 
ribs  running  quite  to  the  base  of  the  b 
and  in  exceptional  cases  leaves  of  Uving  sf 
are  found  in  which  this  condition  obtains 
all  the  leaves  of  this  form  the  ribs  run  t< 
top  of  the  petiole,  and  hence  this  featim 
not  be  considered  sporadic. 

In  size  and  shape  the  leaves  approach 
closely  to  certain  of  the  narrow  forms  of 
namqmum  salicifolium  Staub  and  C,  Ian 
turn  Ungor,*  but  differ  from  those  speci 
being  less  pointed  at  the  apex,  usually 
narrowly  wedge  shaped  at  the  base,  ai 
having  a  much  shorter  petiole;  the  4^ta 

*  staub,  M.,  Die  Geschichte  des  genus  Cinnamomum,  pi.  12, 1 
and  15-22,  Budapest,  1906. 
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nervation  can  not  be  compared.  In  size,  shape, 
and  the  basal  origin  of  the  three  ribs  the  leaves 
well  agree  with  certain  living  species  oiCeano- 
thus,  as,  for  example,  C,  ovatus  Desfontaines  of 
the  eastern  United  States,  but  they  differ  in 
the  margin,  that  of  the  living  species  being 
more  or  less  conspicuously  serrate. 

An  additional  specimen  (fig.  5)  recently 
found  in  a  small  collection  from  near  Dawson, 
N.  Mex.,  is  about  the  size  and  shape  of  the  leaf 
showai  in  figure  4. 

Oinnamomum  linifolium  is  exceedingly  close 
to  a  new  species  described  by  Berry  from  the 
Wilcox  formation. 

Occurrence:  Raton  formation  (Tertiary); 
railroad  cut  one-half  mile  south  of  StarkviUe, 
Colo.,  collected  by  W.  T.  Lee  (5796);  Vermejo 
Creek,  locaUty  23a,  near  Dawson,  N.  Mex., 
collected  by  W.  T.  Lee  (5827). 

Cinnamomam  mississippiense?  Lesquereux. 

Plate  LXXXIX,  figure  2. 

Cinnamomum  mississippiense  Lesquereux,  Am.  Philos.  Soc. 
Trans.,  vol.  13,  p.  418,  fig.  2,  1869. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  298,  pi.  37, 
fig.  2,  1916. 

It  is  ^\dth  some  hesitation  that  the  leaf  here 
figured  is  identified  with  the  Cinnamomum 
mississippiense  of  Lescjuereux,  and  there  is 
more  or  less  doubt  as  to  the  distinctness  of  this 
from  the  earlier  C.  affine  Lesquereux.  In 
''The  Tertiary  flora"  (p.  220)  Lesquereux 
made  the  following  observations  regarding  the 
relationship  between  these  two  forms: 

I  have  been  for  a  long  time  undecided  in  regard  to  the 
possible  identity  of  this  northern  species  with  the  V>eau- 
tiful  Cinnamomum  mississippiense  Lesquereux.  *  *  * 
From  the  larger  size  of  the  Mississippi  leaf,  more  enlarged 
below  the  middle,  its  m6re  rugose  nervation,  and  the 
greater  distance  of  the  lateral  nerves  from  the  borders,  I 
came  to  the  conclusion  that  the  leaves  of  Golden  did  rep- 
resent a  new  species,  or  at  least  a  diminutive  variety  of 
C.  mississippiense.    This  may  be  an  error. 

At  one  timo^  I  was  of  the  opinion  that 
the  Mississippi  loaf  should  be  placed  under 
C.  affinej  but  as  its  status  is  so  unsettled  it  has 
seemed  best  to  retain  both  until  further  infor- 
mation is  available.  That  they  are  extremely 
close,  if  not  identical,  is  certain. 

The  specimen  from  Apishapa  Canyon  is 
precisely  similar  in  shape  to  C.  mississip- 
piense, but  is  conspicuously  larger,  being  13 

1  Knowlton,  F.  II.,  A  catalogue  of  the  Cretaceous  and  Tertiary  plants 
of  North  America:  U.  S.  Oeol.  Survey  Bull.  152,  p.  G8, 189S. 


centimeters  long  and  6.5  centimeters  wide  as 
compared  with  10  and  5  centimeters,  respec- 
tively, in  the  other.  The  nervation  is  also 
slightly  different:  The  lateral  pairs  of  ribs  in 
the  Apishapa  Canyon  specimen  arise  almost 
at  the  base  of  the  blade  instead  of  a  little 
higher  and  run  nearly  straight  to  the  margin 
and  do  not  curve  inward  as  in  C.  mississip- 
piense;  the  remainder  of  the  nervation  is  the 
same  in  both.  The  specimen  may  not  be  C. 
mississippiense — in  fact,  it  may  not  be  a 
Cinnamomum — but  for  the  present  it  is  ten- 
tatively referred  to  this  species. 

Specimens  from  Cucharas  Canyon  have 
recently  been  detected,  one  of  which  is  even 
larger  than  the  one  from  Apishapa  Canyon, 
being  fully  15  centimeters  long  and  7  to  8 
centimeters  wide.  They  do  not  differ  from  it 
essentially,  though  they  have  more  the  facies 
of  Ficus, 

Occurrence:  Raton  formation  (Tertiary) ;  col- 
lected by  W.  T.  Lee — Norman^s  ranch,  12 
miles  east  of  Raton,  N.  Mex.,  near  locaUty  92 
(5132);  locahty  85,  near  Yankee,  N.  Mex. 
(5135);  one-eighth  mile  northeast  of  Rockland 
mine,  locaUty  120,  north  side  of  Cucharas 
Canyon,  near  Walsenburg,  Colo.  (5679) ;  Apish- 
apa Canyon,  3  miles  northeast  of  Abeton, 
Colo.  (5688) ;  Ute  Park,  N.  Mex.  (5830) ;  col- 
lected by  G.  B.  Richardson's  party — 2  miles 
southeast  of  Dean,  Colo.  (5113);  4  miles  north 
of  Trinidad,  Colo.,  locahty  109  (5102);  col- 
lected by  F.  H.  Knowlton — Sugarite  mine 
(Old  Wagon  mine),  4  nules  northeast  of  Raton, 
X.  Mex.  (5467);  collected  by  Orestes  St. 
John — ?Wootton,  Colo.  Wilcox  formation 
(Tertiary) ;  types,  Mississipj)i. 

Order  BOSALES. 

FamUy  HAMAMEUDACEAE. 

Liquidambar?  cucharas  Knowlton,  n.  sp. 

Plate  XCI,  figure  6. 

Leaf  broadly  ovate  in  general  outline,  broad 
and  somewhat  heart-shaped  at  base,  palmately 
three  and  probably  five  lobed,  the  lowest  lobe 
small,  upper  lobes  prominent,  very  sharp 
j)ointed,  apex  prolonged  and  sharp  pointed; 
margin  perfectly  entire  or  at  most  slightly 
undulate;  nervation  well  marked,  palmately 
five  ribbed,  lowest  pair  of  ribs  nearly  at  right 
angles  to  the  midrib;  middle  pair  at  an  angle 
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of  about  45°,  ending  in  the  sharp  tip  of  the 
lobes;  midrib  with  two  or  three  pairs  of  alter- 
nate, remote  secondaries  strongly  camp todrome, 
arching  far  inside  the  margin  and  joining  the 
one  next  above;  nervilles  strong,  mainly 
mibroken. 

The  leaf  figured,  which  is  unfortunately  the 
only  one  of  this  type  observed  in  the  collec- 
tions, lacks  more  than  half  its  blade.  As  near 
as  can  be  made  out  it  was  about  11  or  12  centi- 
meters long  and  13  centimeters  wide,  the 
ap])arent  distance  between  the  upper  lobes 
being  12  centimeters.  That  the  leaf  was  five 
lobed  is  not  certain,  though  probable,  for  the 
side  whence  it  would  show  if  present  is  broken. 
The  lower  rib,  which  should  enter  the  lobe  if 
present,  is  camptodrome  and  arches  around  to 
join  a  secondary  branch  on  the  middle  rib. 
The  secondaries,  whether  on  the  midrib  or  on 
the  rib  entering  the  lateral  lobe,  are  markedly 
camptodrome,  usually  arching  some  distance 
inside  the  margin. 

Tliis  is  on  the  whole  a  well-marked  leaf,  and, 
although  so  fragmentary,  it  ought  to  be  readily 
recognizable  in  future.  Whether  it  is  correctly 
referred  to  Liqaidambar  is  perhaps  open  to 
some  question,  t£ough  the  shape,  lobation, 
and  strongly  camptodrome  secondary  nerva- 
tion certainly  suggest  this  genus.  It  is  so 
fragmentary  that  it  is  hardly  worth  while  to 
attempt  to  compare  it  with  other  fossil  species. 

Occiurence:  R'aton  formation  (Tertiary) ;  one- 
eighth  mile  northeast  of  Rockland  mine,  local- 
ity 120,  north  side  of  Cucharas  Canyon,  near 
Wakenburg,  Colo.,  collected  by  W.  T.  Lee 
(5679). 

FamUy  PLATANACSAE. 

Platanus  aceroides  GOppert. 

Plato  LXIII,  figure  4;  Plate  XCVII,  figures  2,  3. 

Platanus  aceroides  Goppert,  Deutsche  geol.  Gesell.  Zeit- 
schr.,  vol.  4,  p.  492,  1852. 
Lesquereux,  Am.  Jour.  Sci.,  2d  ser.,  vol.  45,  p.  206, 
1869;  U.  S.  Geol.  Sur\'ey  Terr.  Rept.,  vol.  7  (Terti- 
ary flora),  p.  184,  pi.  25,  fig.  4,  1878. 

Occurrence:  Raton  formation  (Tertiary) ;  col- 
lected by  W.  T.  Lee — Riley  Canyon  near  Coke- 
dale,  Colo.  (5701);  Wootton,  Colo.,  50  to  100 
feet  above  Wootton  coal  (5712);  railroad  cut 
about  a  mile  south  of  Morley,  Colo.  (5715); 
Vermejo  Valley,  near  mouth  of  Salyers  Creek, 
N.  Mcx.  (5826) ;  south  entrance  to  Raton  tun- 
nel, north  of  Raton,  N.  Mex.   (5146);  Raton 
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field;  Canadian  Canyon,  1  mile  e; 
Canyon  (5291). 

Platamis  aceroides  cuneata  Knowlto 

Plato  CXIII,  figure  1. 

A   leaf   of   the   general    t3T)e   < 
aceroides  but  differing  in  its  smal 
cimeate    base.    Most    leaves    of 
form  are  broad  and  more  or  less  nea 
at  base,  but  a  few,  as  for  instance 
by  Heer*  from  the  Swiss  Miocen^ 
the  present  form.     The  lateral  lobe 
a  more  acute  angle  than  in  the  t^ 
but  the  central  lobe  is  identical 
strong,  shaq)  teeth. 

Occurrence:  Raton    formation 
South  Raton  Canyo.n,  N.  Mex.,  c 
Orestes  St.  John. 

Platanus  aceroides  latifolia  Knowltoi 

Plate  XCII;  Plate  XCIII,  figure  3;  PI 

Similar  to  the  tjT>e  but  proj 
broader  and  shorter;  margin  pro 
numerous  small,  rather  blunt  tooth. 

This  form,  which  I  have  vonti 
scribe  as  new,  is  the  most  abundant 
distributed  (within  the  area)  of  ai 
of  the  genus.  For  instance,  in  th 
from  near  Wootton  there  are  uj 
hundred  specimens,  some  of  them 
perfect,  showing  the  leaf  in  a  vari< 
and  shapes. 

Platanus  aceroidea  is  very  abunc 
Tertiary  of  both  this  country  ar 
and   though   there   is   naturally   c 
variation  in  the  size  and  even  in  tl 
the  leaves  that  have  been  referred  t< 
a  general  consensus  of  agreement, 
type  of  the  living  P.  occidental/is 
scribed  as  being  of  medium  size,  tl 
and  three  lobed,  the  base  trunca 
cordate   or  rarely  more   or  loss  s 
the  lobes  broadly  triangular  with  t 
imequally  dentate,  the  middle  lobe 
teeth  aiid  the  lateral  lobes  with  a  f e^ 
tooth    usually    strong,    in    many 
curved  er  even  slightly  hooked,  and 
sharp  pointed. 

Hoor  ^  has  figured  several  leave.' 
Swiss  Miocene  which  well  illustrat( 


1  Flora  tertiaria  Uelvetiae,  vol.  2,  pi.  S8,  flg.  J 
>  Idem,  pis.  87  and  88. 
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range  of  variation  in  P.  aceroides.  They  all 
show  the  teeth  to  be  prominent  and  very  sharp 
pointed,  and  the  teeth  and  secondaries  to  be 
the  same  or  nearly  the  same  in  nmnber.  In 
the  middle  lobe  there  are  usually  foiu*  pairs  of 
secondaries  and  an  equal  number  of  teeth; 
and  in  the  lateral  lobes  there  are  8  to  10 
secondary  branches  on  the  outside  and  the 
same  number  of  large  teeth. 

The  form  which  I  have  here  named  latifolia 
is  similar  in  shape  to  the  typical  leaves  of 
P.  aceroides,  except  that  it  perhaps  averages  a 
little  broader  at  the  base.  Its  middle  lobe  has 
usually  about  four  pairs  of  secondary  branches, 
but  its  lateral  lobes  have  only  five  or^ix  second- 
ary branches  on  the  lower  side  of  the  lateral 
rib.  The  most  marked  difference,  however, 
is  in  the  marginal  teeth.  Instead  of  having 
a  large  tooth  for  each  secondary,  latifolia 
has  one  to  three  or  even  four  smaller  teeth, 
all  small  and  rather  blunt,  between  each  of  the 
teeth  entered  by  a  secondary.  Many  of  its 
large  leaves  have  a  tertiary  branch,  and  some 
of  them  two  branches,  which  pass  to  the  inter- 
mediate teeth. 

The  marginal  dentition  in  latifolia  makes  it 
possible  to  distinguish  it  from  the  typical  form 
at  a  glance,  but  otherwise  its  general  appear- 
ance is  much  the  same.  The  dentition  can 
hardly  be  an  individual  variation,  for  it  occurs 
in  numerous  specimens  from  very  widely 
separated  localities. 

These  leaves  were  first  identified  with 
Platanus  haydenii  Newberry,*  one  of  the  most 
abundant  species  of  the  Fort  Union  formation. 
As  Newberry  pointed  out  in  his  original 
description,  P.  haydenii  is  very  closely  related 
to  P.  aceroides  but  differs  in  its  marginal 
teeth  and  slightly  in  its  nervation.  Thus  he 
says:  **In  P.  aceroides  they  [the  teeth]  are  few, 
long,  and  acute,  sometimes  even  uncinate, 
while  in  P.  haydenii  they  are  more  numerous, 
less  prominent,  and  always  obtuse,  sometimes 
merely  giving  a  wavy  outline  to  the  margin 
of  the  leaf.'' 

His  figured  type  specimen  of  this  species  is 
preserved  in  the  United  States  National 
Museimi  collection  (No.  565*)  and  a  reexam- 
ination of  it  shows  that  the  margin  is  not  pre- 
served except  in  a  single  minute   space,  and 

here  the  teeth  are  distinctly  sharp,  the  rounded 

t 

» Newberry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  S. 
Geol.  Survey  Hon.  35,  p.  103,  pi.  36, 1898. 


outline  of  the  teeth  as  shown  in  the  figure 
being  due  to  injury.  If  this  character  can  be 
shown  to  hold  for  all  the  Fort  Union  leaves 
referred  to  P.  haydenii  it  will  naturally  bring 
them  closer  to  P.  aceroides,  and  it  is  possible 
that  it  may  be  best  ultimately  to  regard  it  as  a 
varietal  form  only.  In  the  meantime,  however, 
it  may  remain  imder  Newberry's  name. 

Occurrence:  Raton  formation  (Tertiary); 
collected  by  W.  T.  Lee — types,  railway  cut 
one-half  mile  north  of  Wootton,  Colo.  (5713); 
1^  miles  southwest  of  mine  at  Rugby,  Colo. 
(5696);  Wootton,  Colo.,  50  to  100  feet  above 
Wootton  coal  (5712);  Tercio,  Colo.,  about  400 
feet  above  basal  conglomerate  (5802) ;  canyon 
west  of  old  town  of  Rouse,  Colo.,  about  300 
feet  above  base  of  Raton  formation  (5683); 
dump  of  mine  at  Delagua,  Colo.  (5690) ;  south 
end  of  Raton  tunnel,  north  of  Raton,  N.  Mex. 
(5155) ;  Vermejo  Valley,  near  mouth  of  Salyers 
Creek,  N.  Mex.  (5826);  collected  by  G.  B. 
Richardson's  party — 4  miles  above  Aguilar, 
Colo.  (5123);  near  Berwind,  Colo.  (5107);  col- 
lected by  F.  H.  Knowlton — hillside  just  west 
of  south  end  of  Raton  tunnel,  6  miles  north  of 
Raton,  N.  Mex.  (5464);  coUccted  by  Orestes 
St.  John — Wootton,  Colo. ;  Smith  ranch,  South 
Raton  Canyon,  N.  Mex. 

Platanus  guillelinae  Gtfppert 

Plate  XCIII,  figure  1. 

Platanus  guillelmae  GSppert,  Deutsche  geol.  Gesell.  Zeit- 
sohr.,  vol.  4,  p.  402, 1852;  Tertiiire  Flora  von  Schoes- 
nitz  in  Schlesien,  p.  21,  pi.  11,  figs.  1,  2,  1855. 
I.esquereux,  U.  S.  Geol.  Survey  Terr.  Ann.  Rept, 
1871,  Suppl.,p.  14,  1872. 

In  the  material  from  Tercio,  but  also  from 
many  other  localities,  there  are  a  number  of 
well-preserved  leaves  that  I  am  unable  to  dis- 
tinguish from  the  usual  figures  given  for 
Platanus  guilhhnae,  such  for  example  as  those 
by  Heer  ^  from  the  Tertiary  of  Greenland. 
TTiey  are  small  (8  to  9  centimeters  long  and  9 
to  10  centimeters  broad),  nearly  circular  in 
general  outline,  palmately  three  ribbed  from 
the  base  of  the  blade,  and  three  lobed,  the 
middle  lobe  deltoid  in  shape  and  relatively  large 
and  the  lateral  lobes  very  small,  hardly  more 
than  large  teeth.  The  base  of  the  leaf  is  tnm- 
cate  and  entire  for  some  distance,  then  pro- 
vided with  small,  even,  low  teeth. 


»  Flora  fossilis  arctica,  vol.  7,  p.  96,  pi.  97,  f.g.  6;  pi.  99.  fig.  1, 1888. 
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Leaves  of  this  species  somewhat  resemble  ' 
very  small  leaves  of  P.  aceroides  latifoliay  at  ' 
least  in  the  basal  portion,  but  they  differ 
markedly  above,  having  only  very  slight 
lateral  lobes  when  P.  aceroides  latifolia  has 
pronoimced  strong  lobes;  the  teeth  are  also  of 
different  character  in  the  two  forms. 

Occurrence:  Raton  formation  (Tertiary); 
collected  by  W.  T.  Lee — Norman's  ranch,  12 
miles  north  of  Raton,  N.  Mex.,  near  locahty 
92  (5132);  ?Honeyficld  mine,  near  Yankee, 
N.  Mex.,  200  feet  above  base  of  coal  rocks 
(5141);  ?near  Yankee  mine,  locahty  85,  N. 
Mex.  (5138);  south  end  Raton  tunnel,  north 
of  Raton,  N.  Mex.  (5155);  Tercio,  Colo.,  about 
400  feet  above  basal  conglomerate  (5802); 
one-half  mile  north  of  Vermojo  Gap,  at  locahty 
127,  K  Mex.  (5239);  Vermejo  VaDey,  near  the 
mouth  of  Salyers  Creek,  N.  Mex.  (5826);  col- 
lected by  F.  H.  Knowlton — ^hillside  just  west 
of  south  end  of  Raton  tunnel,  6  miles  north 
of  Raton,  N.  Mex.  (5464);  collected  by  G.  B. 
Richardson's  party — IJ  miles  southwest  of 
Berwind,  Colo.  (5107);  5  miles  above  Aguilar, 
Colo.  (5046);  collected  by  Orestes  St.  John — 
Wootton,  Colo.,  700  feet  above  the  Trinidad 
sandstone;  South  Raton  Cfenyon,  N.  Mex., 
950 ±  feet  above  the  Trinidad  sandstone;  col- 
lected by  F.  V.  Haydcn,  1869— Fishers  Peak, 
Colo. 

Platanus  guiUelmae  heerii  Knowlton,  n.  var. 

Plate XCVI, figure 5;  Plate XC VII, figure  1;  PlateXCVIII, 

figure  2. 

Platanus  guillelmae  Gdppert.    Heer,  Flora  foesilis  arctica,  • 
Band  2,  Abt.  4  (Contributions  to  the  fossil  flora  of 
North    Greenland);    excerpt,    Roy.    Soc.   Ix)ndon 
Philos.  Trans.,  vol.  159,  pt.  2,  p.  473,  pi.  47,  figs. 
1-3;  pi.  48,  fig.  4,  1869. 

Platanus  aceroides  (roppert.    Heer,  Flora  tertiaria  Hel- 
vetiae,  vol.  2,  p.  71,  pi.  88,  figs.  13,  14,  1^56. 

Leaves  of  medium  size,  12  to  15  centimeters 
long  and  9  to  12  centimeters  wide,  undivided, 
long  wedge-shaped  at  base  in  many  specimens, 
imequal  sided,  apex  deltoid,  moderately  acute; 
margin  entire  along  the  wedge-shaped  basal 
portions,  otherwise  rather  coarsely  and  sharply 
toothed;  petiole  long,  5  centimeters  or  more; 
nervation  strong,  consisting  of  a  relatively 
strong  midrib  and  about  5  pairs  of  alternate 
or  subopposite  secondaries  at  an  angle  of  about 
60*^  or  65*^,  ending  in  marginal  teeth;  lowest 
pair  of  secondaries,  strongest,  arising  at  or  a 
httle  above  the  top  of  the  petiole,  each  with 


some  five  or  six  acute-angle 
on  the  outside;  finer  nerval 
ing  of  numerous,  often  brol 
platanoid  in  appearance. 

In  the  ample  collections 
there  are  several  specimer 
are  here  figured,  that  are 
the  present  variety.     Thouj 
well  with  what  at  times  h\ 
by  various  authors  as  Pla^ 
P,  aceroides,  they  do  not  ag 
be  considered  as  the  typic 
of  these  species,  and  it  seem 
them  as  at  least  of  varietii 
leaves   from    Tercio    differ 
ffuHlelrruLe  by  their  larger  s: 
shaped  instead  of  truncate 
acute-angled   secondaries    a 
from  P,  aceroides  they  diffc 
larger    size,    wedge-shaped 
smaller  teeth. 

This  supposed  new  form  i 
with,  and  in  fact  was  at 
Platanus  marginata  (Lesque 
num  marginatum  Lesqucrei 
agrees  in  the  shape  of  the 
the  entire  system  of  nervati 
difference,  however,  is  in  1 
which,  in  P.  mxirginaia,  is 
has  a  very  short  acuminate 
leaves  under  consideration  tl 
prolonged.     The  teeth  are  j 
longed,  and  small  interme< 
in  places  between  the  larg 
not  noted  in  any  of  the  figu 
given  by  Lesquereux  or  He( 

Occurrence:  Raton  fori 
Tercio,  Colo.,  400  feet  abo 
basal  conglomerate  of  the  I 
W.  T.  Lee  (5802). 

Platanus  platanoides  (Lesqu 

Plate  XC^V,  figi: 

Vtbumum  platanoides  Leaciueroux 
Surv.  Terr.  Ann.  Rept.,  18 
Geol.  Survey  Terr,  llept., 
p.  224,  pi.  38,  figs.  8,  9,  187i 

Platanus  platanoides  (Lesquereux) 
Survey  Bull.  152,  p.  171,  II 

The  nearly  perfect  spec 
appears  to  be  referable  t( 
noides  Lesquereux,  though 
agree  with  it  in  all  particu 
more  wedge  shaped   at   ba 
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specimens  and  has  its  marginal  teeth  some- 
what smaller,  but  otherwise  in  size,  shape,  and 
character  of  nervation  it  is  practically  the 
same.  In  some  particidars  it  agrees  with 
Platanus  margincUa  Lesquereux,  especially  in 
the  shape  of  the  base  and  in  the  margin  and 
general  nervation,  but  differs  from  it  in  having 
its  upper  portion  much  more  pointed.  At 
first  it  was  thought  probable  that  it  was  an 
extreme  form  of  P.  aceroides,  but  it  ha3  a 
more  wedge-shaped  base  than  typical  aceroides, 
and  it  lacks  the  lateral  lobes  of  that  species. 
In  his  discussion  of  P.  platanoideSj  Lesquereux 
points  out  that  it  is  obviously  related  to  both 
P.  aceroides  and  P.  marffinata,  but  it  differs 
especially  from  the  latter  by  its  usually  larger 
size,  coarser  appearance,  and  more  wedge- 
shaped  base,  which  last,  however,  as  pointed 
out  above,  appears  to  break  down.  Without 
a  larger  series  of  specimens  for  comparison,  it 
is  perhaps  as  well  to  place  it  under  the  present 
species  with  a  mark  of  interrogation. 

The  type  specimens  of  Plataniis  platanoides 
came  from  Black  Buttes,  Wyo.,  in  beds  re- 
garded by  the  writer  as  post-Laramie  in  age, 
and  it  has  also  been  reported  from  the  ''Lower 
Laramie"  of  Carbon  County,  Wyo.,  and  else- 
where. 

Occurrence:  Raton  formation  (Tertiary); 
canyon  west  of  the  old  town  of  Rouse,  Colo., 
about  300  feet  above  the  base  of  the  Raton 
formation,  collected  by  W.  T.  Lee  (5683). 
Black  Buttes  coal  group  (regarded  by  the 
writer  as  of  post-Laramie  age);  types.  Black 
Buttes,  Wyo. 

Platanus  rajmoldsii  Newberry. 

Plato  XCV,  figure  1. 

Plaianns  raynoldsii  Newberry,  Lyceum  Nat.  Hist.  New 
York  City  Annals,  vol.  9,  p.  69,  1868;  U.  S.  Geol. 
Survey  Mon.  35,  p.  109,  pi.  35,  1898. 
Leequereux,  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7 
(Tertiary  flora),  p.  185,  pi.  27,  fig.  2,  1878. 

The  present  collections  from  southern  Colo- 
rado contain  a  single  example — the  one  hero 
figured — that  is  referred  without  hesitation  to 
Newberry's  Platanv^  raynoldsii.  Although  the 
leaf  lacks  much  of  its  upper  portion,  its  lower 
portion  is  imniistakably  similar  to  that  of 
raynoldsii  as  figured  by  both  Newberry  and 
Lesquereux.  The  type  specimens  came  from 
the  Fort  Union  formation  on  the  lower  reaches 
of  the  Yellowstone  River,  Mont.,  and  subse- 


quent investigation  has  shown  it  to  be  one  of 
the  most  abimdant  and  widely  distributed 
species  known  from  this  formation. 

The  specimen  figured  by  Lesquereux  (Ter- 
tiary flora,  pi.  27,  fig.  2)  is  preserved  in  the 
United  States  National  Museum  (No.  248)  and 
is  from  the  Denver  formation  near  Golden, 
Colo.  It  is  practically  identical  m  every  par- 
ticular with  the  specimen  here  figured. 

Li  the  collections  from  Yankee,  N.  Mex., 
there  is  a  single  fragmentary  specimen  that  is 
referred  with  some  hesitation  to  this  species. 
It  is  also  the  basal  portion  of  a  leaf,  but  is  \^dth- 
out  margin  and  hence  can  not  be  positively  de- 
termined. 

Occurrence:  Raton  formation  (Tertiary); 
railway  cut  about  a  mile  south  of  Morley,  Colo., 
collected  by  W.  T.  Lee  (5715).  Riley  Canyon 
near  Cokedale,  Colo.  (5700);  mouth  of  York 
Canyon,  in  Vermejo  Valley,  N.  Mex.  (5241); 
?  Wootton,  Colo.,  collected  by  Orestes  St.  John. 

Platanus  rhomboldea  Lesquereux. 

Platanus  rhomhoidca  Lesquereux,  L'.  S.  GeoL  and  Geog. 

Survey  Terr.  Ann.  Ropt.,  1873,  p.  400,  1874;  U.  S. 

GeoL  Survey  Terr.  Kept.,  voL  7  (Tertiary  flora), 

p.  186,  pL  20,  ligs.  6,  7,  1878. 
VibxLmum  aricrps  Ivcsquereux,  U.  S.  GeoL  Survey  Terr, 

Rept.,   voL  7  (Tertiary  flora),  p.  227,   pL  38,   fig. 

11,  1878. 

Leaves  small  or  medium  sized  (7  to  1 2  centi- 
meters long,  5  to  9  centimeters  broad),  sub- 
coriaceous  in  texture,  rhomboidal  in  general 
outline;  three  ribbed  and  in  some  specimens 
slightly  trilobate,  being  broadest  at  about  the 
middle,  from  which  point  they  are  narrowed 
and  entire  to  the  wedge-shaped  base  and  about 
equally  narrowed  above  where  they  are  more 
or  less  deeply — usually  sharply — dentate;  lat- 
eral nerves  (secondaries)  at  an  acute  angle  of 
divergence,  parallel,  the  lower  pair  being  a 
little  the  longer  and  entering  short  acute  lobes, 
each  with  three  or  four  branches  on  the  outside, 
which  also  pass  to  marginal  teeth;  nervilles 
nearly  at  right  angles  to  the  midrib,  mostly 
percurrent;  liner  nervation  quadrangular. 

The  two  figured  type  sj^ecimens  of  Platanus 
rliornboid^a  are  preserved  in  the  United  States 
National  Museum  collection  (Nos.  245, 246)  and 
are  from  the  characteristic  andesitic  material  of 
the  Denver  formation  at  Golden,  Colo.  They 
were  the  only  specimens  recorded  in  the  musemn 
catalogue  that  were  so  identified  by  Lesque- 
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reux ;  but  in  the  large  lot  of  specimens  ^  at 
Cambridge,  studied  by  Lesquereux  *  in  1888, 
no  less  than  six  additional  examples  were  de- 
tected, and  in  the  collections  made  by  Arthur 
Lakes  in  1890,  and  studied  by  the  writer,  a  small 
number  of  characteristic  specimens  were  foimd. 
The  species  has  since  been  detected  in  the 
Lance  formation  in  Weston  County,  Wyo.,  and 
in  certain  beds  southwest  of  Rawlins,  Wyo., 
which  are  regarded  by  the  author  as  of  post- 
Laramie  age. 

In  the  material  from  southwestern  Colorado 
PlcUanus  rhomboidea  is  represented  at  Wootton, 
Colo.,  by  several  specimens,  one  of  the  best  of 
which  is  figured.  It  has  also  been  identified, 
but  with  some  doubt,  on  the  mesa  north  of 
Raton,  N.  Mex.  iVfter  a  careful  examination 
of  the  type  of  Viburnum  anceps  Lesquereux 
(U.  S.  Nat.  Mus.,  326)  I  am  unable  to  find 
any  characters  that  will  separate  it  .from  Pla- 
tanus  rhomhoidea.  The  single  specimen  upon 
which  it  was  founded  is  a  fragment  represent- 
ing the  uppfer  portion  of  a  leaf  of  the  same  size 
as  the  smaller  of  the  two  types  of  P.  rhomr- 
ioidea.^  The  general  shape  of  the  leaves  as 
well  as  the  nervation  is  precisely  the  same,  the 
only  difference  being  that  in  the  so-called 
Viburnum  anceps  the  teeth  are  not  quite  so 
proininent  nor  sharp,  a  character  manifestly  of 
little  importance  as  compared  with  that  of 
nervation. 

Occurrence:  Raton  formation  (Tertiary); 
collected  by  W.  T.  Lee — mesa  north  of  Raton, 
N.  Mex.,  at  top  of  Raton  formation  (5152); 
Vermejo  Valley  near  the  mouth  of  York  Can- 
yon, N.  Mex.  (5241);  railway  cut  one-half  mile 
north  of  Wootton,  O)lo.,  50  to  100  feet  below 
Wootton  coal  (5711);  Wootton,  Colo.,  50  to  100 
feet  above  Wootton  coal  (5712);  collected  l>y 
Orestes  St.  John — North  Raton  Canyon,  Mor- 
ley  coal  district,  Colo. 

Platanus?  re^laris  Knowlton,  n.  sp. 

Plate  CXIII,  figure  4. 

Leaf  of  medium  size,  evidently  of  firm  tex- 
ture, broadly  ovate  in  general  outline,  abruptly 
truncate,  perhaps  somewhat  heart  shaped  at 
base,  rather  obtusely  pointed  at  apex;  margin 
coarsely  toothed  throughout,  rather  acute, 
separated  by  shallow  sinuses;  petiole  strong; 

»  Harvard  Coll.  Mas.  Comp.  Zool.  Bull.,  vol.  16,  p.  49, 1888. 
« r.  8.  Geo!.  Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  pi.  20,  fig.  7, 
1878. 


midrib  rather  slender  for  the  size  of  the  1 
perfectly  straight;  secondaries  five  or  six 
the  lowest  pair  opposite,  arising  at  the  bi 
the  blade,  at  an  angle  of  about  50°,  with  i 
more  often  forking  tertiary  branches  oi 
outside,  all  entering  marginal  teeth;  " 
secondaries  subopposite  or  alternate,  enl 
the  marginal  teeth;  finer  nervation  no 
tained. 

This  fine  leaf  was  about  12  centimeters 
and  10  centimeters  wide,  and  is  remarkal 
its  broadly  ovate  shape,  coarsely  to 
margin,  and  relatively  light  nervation. 

No  further  comparisons  will  be  insti 
regarding  this  species,  as  in  some  unacco 
ble  manner  the  specimen  has  been  misf 
since  the  figure  was  made.  Without  the  i 
men  in  hand  it  is  impossible  to  ascertai 
precise  locality,  though  it  is  somewhere  \ 
the  Raton  Mesa  region. 

Occurrence:  Raton  formation?  (Tert 
localitv  imknown. 

Family  BOSACBAB. 
Cercocarpns  orestesi  Knowlton,  n.  sp. 

Plato  XCV,  figure  2. 

Leaf  small,  coriaceous  in  texture,  obov 
outUne,  long  and  regularly  wedge  shap 
base,  apparently  rather  obtuse  at  apex;  n: 
entire  for  one-third  of  the  basal  portion,  t 
sUghtly  toothed;  midrib  moderately  sic 
straight;  secondaries  nxmierous,  about 
pairs,  close,  parallel,  straight,  at  an  an| 
about  50^,  craspedodrome,  deeply  impri 
nervilles  obscure. 

The  single  example  figured  is  all  tha 
been  noted  of  this  species.  It  is  about  6 
meters  in  length  and  2.5  centimeters  in  v 
and  is  well  characterized  by  its  wedge-sl 
base,  entire  below,  dentate  above,  and  num< 
close,  parallel,  deeply  impressed  secondar 

ThLs  species  is  most  closely  related  to  ( 
carpus  antiquus  Lesquereux,'  described 
nally  from  the  auriferous  gravels  of  Calif 
It  differs,  though  but  slightly,  in  its  large] 
longer  wedge-shaped  portion,  and  more  ni 
ous,  sharper  angled,  and  deeper  impi 
secondaries. 

I  take  pleasure  in  naming  tliis  fine 
species  in  honor  of    the  veteran  geologis 
Orestes  St.  John,  who  collected  it  in  June, 

*  The  Cretaceous  and  Tertiary  floras:  U.  S.  Oeol.  Survey  Ten 
vol.  8,  pi.  4r>-B,  figs  2,  1883. 
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Occurrence:  Raton  formation  (Tertiary); 
leaf  ledge  just  above  Smith  house,  south  of 
Raton  Valley,  N.  Mex.,  collected  by  Orestes  St. 
John,  June,  1904. 

Pmnus  coloradensis  Knowlton,  n.  sp. 

Plate  XCVI,  figure  2. 

Leaf  apparently  rather  thick  in  texture, 
eUiptical-lanccolate  in  shape,  obtusely  wedge 
shaped  at  base,  apparently  rather  abruptly 
acuminate  at  apex;  margin  finely  and  evenly 
serrate  throughout,  the  teeth  very  sharp  and 
upward  pointing ;  midrib  fairly  strong,  straight ; 
secondaries  exceedingl}^  thin  and  obscure,  ap- 
parently alternate  and  curving  abruptly  up- 
ward weU  inside  the  margin. 

The  leaf  figured  is  the  only  one  observed  in 
the  collections.  It  is  about  10  centimeters 
long  and  3.25  centimeters  wide,  and  was  evi- 
dently petioled,  but  the  petiole  has  been  de- 
stroyed. The  margin  to  within  a  short  distance 
of  the  base  is  finely  and  sharply  serrate.  The 
nervation,  with  the  exception  of  the  midrib,  is 
very  obscurely  preserved,  but  so  far  as  can  be 
made  out  the  secondaries  are  few,  very  thin, 
and  arching  very  well  inside  tlie  margin. 

The  leaves  seem  most  closely  related  among 
living  species  to  those  of  Pmnus  serotina  Ehr- 
hart,  of  the  eastern  United  States,  but  they 
differ  in  being  elliptical-lanceolate  rather  than 
ovate-lanceolate.  The  marginal  teeth  in  both 
species  are  the  same. 

Occurrence:  Raton  formation  (Tertiary); 
diunp  of  the  Turner  mine,  IJ  miles  north  of 
Wootton,  Colo.,  collected  by  W.  T.  Lee  (5714), 
on  same  stone  with  Magnol'm  rotundifoli/i, 

FamUy  LEGITMINOSAE? 

Leguminositcs?  arachioides  Lesquereux. 

Leguminosites?  arachioidfs  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  301,  pi.  59, 
figs.  13,  14, 1878. 
Berr>%   U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  249, 
pi.  48,  fig.  9,  191(). 

In  one  of  the  collections  from  near  Berwind, 
Colo.,  there  is  a  poorly  preserved  specimen 
showing  a  cluster  of  four  thick  striated  fruits 
that  appear  to  belong  to  Lesquereux's  well- 
known  species.  It  is  a  little  smader  than  the 
original  figures  and  is  preservn^d  on  a.  coarse- 
grained matrix  tliat  does  not  well  bring  out  the 
structiu'e;  but  so  far  as  can  be  made  out  it 
otherwise    agrees    satisf actorilj .     It    has    not 


been  figured  as  it  would  not  add  to  our  knowl- 
edge of  tliis  form. 

Occurrence:  Tertiary;  typas,  Evanston,Wyo. 
Denver  formation  (Tertiary);  Golden,  Colo. 
Fort  Union  formation  (Tertiary) ;  Clear  Creek, 
neai*  Glendive,  Mont.  Raton  formation  (Ter- 
tiary); Trinidad,  field,  Colo.,  7  miles  southwest 
of  Berwind,  Colo.  (S.  44°  W.  of  northeast  comer 
T.  32  S.,  R.  66  W.),  collected  by  G.  B.  Richard- 
son^s  party  (5121).  Lagrange  formation  (in 
beds  of  Wilcox  age),  Puryear,  Tenn. 

Sophora  nervosa  Knowlton,  n.  sp. 

PIat«  XCV,  figure  3. 

Leaflet  small,  of  rather  thick  texture,  ellip- 
tical, abruptly  rounded  below  to  a  heart-shai)ed 
base,  obtuse  and  rounded  at  apex;  midrib  ex- 
tremely thick,  straight;  secondaries  numerous, 
strong,  alternate,  at  a  very  low  angle  of  diver- 
gence, camptodrome,  with  one  or  two  series  of 
very  large  areolae  outside  the  line  of  the  sec- 
ondaries; finer  nervation  obscure.  ^ 

This  little  leaflet  is  extremely  weU  marked. 
In  shape  it  is  regularly  elUptical  with  a  strongly 
cordate  base  and  an  obtuse  and  rounded  apex. 
Tlie  length  is  4  centimeters  and  the  width  a 
little  over  2.5  centimeters.  Its  midrib  is  rela- 
tively very  thick,  and  its  secondaries,  which 
arch  and  join  less  than  halfway  to  the  margin, 
are  succeeded  outside  by  one  or  two  series  of 
large  loops  or  irregular  areas. 

Tliis  species  does  not  a])i:)ear  to  be  very 
closely  related  to  any  with  which  I  am  fainihar; 
in  nervation  it  is  not  greatly  unhke  Leg^uniiiw- 
sites  reticuhtus  Ileer  ^  from  the  Smss  Tertiary, 
but  it  differs  ^^^ciely  from  that  si)ecies  in  size 
and  shape.  On  the  whole,  it  appears  to  be  most 
closely  related  to  Sophora  lienryeiisis  Berry  of 
the  Wilcox  fonnation,  than  wliich,  however,  it  is 
much  larger. 

Tliis  collection  consists  of  only  two  speci- 
mens, S.  nervosa  and  a  roUed-up  leaf  of  Arto- 
carjms  similis.  In  the  field  the  beds  whence 
they  came  were  supposed  to  belong  to  the 
Venue  jo  fonnation,  but  as  the  stratigraphic 
relations  are  obscure  and  the  Artocarpus  is  else- 
where found  only  in  the  upper  beds,  it  pre- 
sumably belongs  in  the  Raton  formation. 

Occurrence:  Raton  fonnation?  (Tertiary); 
near  Strong,  Colo.,  collected  by  W.  T.  Lee 
(5682) . 

1  Flora  tertiaria  Helvetiac,  vol.  3,  pi.  88,  fig.  40, 1859. 
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Casda  richardsoni  Knowlton,  n.  sp. 
Plate  XCIII,  figure  2. 

Leaflet  small,  evidently  firm  in  texture, 
ovate,  abruptly  rounded  at  base,  obtusely  acu- 
minate at  apex;  petiole  short;  midrib  straight, 
secondaries  about  five  pairs,  opposite  or  sub- 
opposite,  considerably  curved  upward,  camp- 
todrome;  nervilles  few,  thin,  approximately 
at  right  angles  to  the  secondaries. 

This  httle  species  is  represented  by  several 
examples,  one  of  the  most  perfect  being  figured. 
It  is  4.5  centimeters  long  and  nearly  2.5  centi- 
meters wide. 

This  species  is  very  similar  to  Cassia  herenices 
Heer,  from  the  Swiss  Miocene,  being  indeed  of 
the  same  shape  but  having  fewer,  more  acute- 
angled  secondaries. 

Occurrence:  Raton  formation  (Tertiary); 
Berwind,  Colo.,  collected  by  G.  B.  Richardson's 
party  (5107). 

Cassia  sapindoides  Knowltimy  n.  sp. 

Plate  XCVI,  figure  1. 

Leaflet  small,  lanceolate  or  sUghtly  ovate  or 
elliptical-lanceolate,  sHghtly  unequal  sided  at 
the  wedge-shaped  base  (apex  destroyed) ; 
petiole  short;  midrib  thick  below,  very  slender 
above;  secondaries  about  six  or  seven  pairs, 
alternate,  thin,  at  a  low  angle,  much  curved 
upward  near  the  margin,  camptodrome. 

The  only  specimen  noted  is  the  one  here  fig- 
ured. It  is  about  6  centimeters  long  and 
nearly  2  centimeters  wide,  and  is  well  shown  in 
the  figure.  As  the  apex  is  absent  it  is  impos- 
sible to  know  whether  it  was  emarginated  or 
pointed,  though  probably  the  former.  It  is 
very  close  to  Cassia  glenni  Berry,  a  very  com- 
mon Wilcox  species  from  Mississippi. 

Occurrence:  Raton  fonnation  (Tertiary); 
Wootton,  Colo.,  collected  by  W.  T.  Lee  (5714). 

Cassia  fislieriana  Knowlton,  n.  sp. 

Plate  LXXVIII,  figure  4. 

Leaflet  membranaceous  in  texture,  ovate  or 
almost  ovate-triangular,  abruptly  rounded  at 
base,  obtusely  acimiinate  at  apex;  margin  per- 
fectly entire;  midrib  thin,  straight;  secondaries 
six  pairs,  very  thin,  at  an  angle  of  about  30°, 
camptodrome:  finer  nervation  obsolete.  This 
leaflet  is  5  centimeters  long  and  nearly  3  centi- 
meters wide  at  the  broadest  point,  wliich  is  only 
about  one-fourth  its  length  above  the  base. 


This  leaflet  is  very  similar  in  size,  shap< 
secondary  nervation  to  certain  of  those  re: 
to  Cassia  herenices  Heer,*  from  the  Mioct 
Switzerland. 

Occurrence:    Raton    formation    (Tert 
Fishers  Peak  mine,  2  miles  southeast  of  ' 
dad,  Colo.,  collected  by  J.  B.  Mertie  for 
Richardson  (5099). 

Inga  heterophylla  Knowlton,  n.  sp. 

Plate  LIV,  figure  5. 

Leaflet  membranaceoas  in  texture,  c 
acuminate,  very  unequal  sided,  abruptly 
cate  at  base,  acuminate  at  apex;  petiole  t 
stout;  midrib  straight,  very  strong  belov 
coming  much  thinner  above;  secondaries 
few — about  five  pairs — serrate,  alternate, « 
png  at  a  low  angle,  much  cmn^-ed  upward 

The  leaflet  figured  is  7  centimeters  louj 
3.5  centimeters  wide,  the  width  on  the  i 
side  being  more  than  twice  that  on  the 
side,  which  of  coiu^e  makes  it  very  un 
sided.  The  lowest  pair  of  secondaries  ei 
nearly  at  a  right  angle  but  curve  upward 
inside  the  margin  and  join  the  pair  next  a 
The  other  secondaries  are  subopposite,  ei 
at  a  slightly  greater  angle,  and  join  the 
next  above.  The  finer  nervation  is 
retained. 

This  species  has  a  general  resemblan 
Juglans  rugosa  Lesquereux,'  but  differs  fr 
in  the  strongly  inequilateral  shape  of  the  1 
as  well  as  in  the  character  of  the  nervatic 

Occurrence:  Raton  formation  (Tert: 
Wootton,  Colo.,  50  to  100  feet  abov< 
Wootton  coal,  collected  by  W.  T.  Lee  (571 

Carapa  eolignitica  Berry? 

Plate  LXIX,  figure  2. 

Carapa  eolignitica  Berry,  U.  S.  Geol.  Survey  Prof.  Pa 
p.  253,  pi.  29,  fig.  4,"  1916. 

In  one  of  the  small  collections  from  R 
Colo.,  there  are  a  number  of  leaves  that  a 
to  belong  to  this  species.  They  are  not 
completely  preserved,  in  fact  little  more 
their  outUiie  remains,  but  so  far  as  cr 
made  out  they  may  be  doubtfully  referr 
this  species  with  no  great  violence. 

Occurrence:  Raton  formation  (Tertiai 
mile  southwest  of  Rugby,  Colo.,  coUectc 
G.  B.  Richardson^s  party  (5128). 

1  Flora  tertiaria  Helvetiae,  vol.  3,  pi.  133,  flgs.  42-56, 1856. 
*U.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  28 
figs.  1-9, 1878. 
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Order  QERANIALES. 

Family  BTJTACEAE. 

Xanthoxylum  dubium  Lesquereuz. 

Xanthoxylum  dubium  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Ann.  Rept.,  1871,  Suppl.,  p.  15,  1872. 

Of  this  species  Lesquereux  says: 

A  small  oblong  leaf  3  centimeters  long,  1.5  centimeters 
broad,  with  borders  entire  or  wavy  crenulate,  nearly 
parallel  in  the  middle,  rounded  downward,  with  an 
abrupt,  short,  descending  curve  to  the  base  of  the  median 
nerve;  secondary  veins  parallel,  eight  pairs,  open  (angle  of 
divergence,  60*^),  abruptly  ciu-ving  near  the  borders, 
camptodrome.  The  point  of  the  leaf  is  destroyed. 
Related  to  X.  dentatum  Heer  (Flora  tertiaria  Helvetiae, 
vol.  3,  pi.  127,  fig.  21). 

The  status  of  this  species  is  exactly  the  same 
as  that  of  Rhamnus  jischeri — that  is,  it  was 
named  and  described  as  above  but  so  far  as 
now  known  was  not  afterward  referred  to. 

Occurrence:  Raton  formation  (Tertiary); 
'^Fischers  [Fishers]  Peak,  Raton  Mountains, 
N.  Mex.''  collected  by  F.  V.  Hayden,  1869. 

FamUy  EXTPHOBBIACEAEI 

Oenns  ETTPHOBBOCABPITM  Knowlton,  n.  gen. 

Fruit  of  large  size,  composed  of  numerous — 
probably  seven  to  nine — ^woody,  compressed, 
wedge-shaped,  apparently  indehiscent  carpels, 
disposed  aromid  a  central  axis. 

Euphorbocarpum  richardsonl  Ejiowlton,  n.  sp. 

Plate  XCVI,  figures  3,  4. 

This  remarkable  species  is  founded,  as  may 
be  seen  from  the  figures,  on  three  huge,  lig- 
neous, somewhat  kidney-shaped  or  wedgo- 
shapod  carpels,  which  are  so  disposed  as 
forcibly  to  suggest  that  there  wore  originally 
at  least  seven,  and  probably  as  many  as  nine, 
in  the  complete  fniit.  The  diameter  of  the 
complete  fruit  was  at  least  4  centimeters  and 
the  height  2.5  centimeters.  One  of  the  carpels, 
which  is  now  detachable,  has  a  thickness  at  the 
back  of  13  millimeters  and  is  wedge-shaped 
where  it  reaches  the  central  axis.  The  sur- 
faces where  it  was  in  contact  with  its  fellows 
are  plane  and  flat,  and  each  is  the  same  by 
mutual  compression.  The  back  of  each  carpel 
is  rounded  and  the  distance  to  the  point  where 
they  are  flattened  by  the  mutual  pressure  is 
about  5  millimeters.  It  is  difficult  accurately 
to  describe  or  figure  this  specimen  but  perhaps 
enough  has  been  said  to  convey  an  idea  of  its 
original    appearance.     It    is    certainly    unlike 


anything  in  a  fossil  state  with  which  the 
writer  is  familiar  in  this  coimtry,  and  it  should 
prove  a  good  horizon  marker  if  subsequently 
found. 

From  its  rather  striking  resemblance  to  that 
of  the  well-known  tropical  euphorbiaceous  tree, 
Hura  crepUanSj  I  have  ventured  to  give  it  a 
new  generic  name  implying  relationship  with 
the  family  Euphorbiaceae.  It  might  have 
been  given  the  nondescript  name  of  CarpUes 
or  Carpolithes,  but  rather  than  add  to  these 
already  overburdened  '^  generic  ^'  groups  it  has 
seemed  best  to  give  it  a  distinctive  name  even 
if  the  apparent  aflSnities  have  not  been  cor- 
rectly interpreted.  The  Euphorbiaceae  is  of 
course  a  vast  group,  exhibiting  great  diversity 
of  form  and  structure.  The  predominant  type 
of  fruit  is  composed  of  three  carpels,  but  the 
number  may  range  all  the  way  from  one  to  as 
many  as  nine  in  Anisonema  or  Thula  or  to 
fifteen  m  Hura,  As  already  pointed  out,  there 
may  well  have  been  nine  carpels  in  the  present 
fruit. 

A  very  great  number  of  types  of  leaves  are 
preserved  in  the  beds  in  which  the  new  fruit 
is  found,  and  it  is  not  impossible  that  some 
of  them  may  represent  the  tree  which  bore  it, 
but  if  so,  the  fact  has  not  been  detected. 

I  take  pleasure  in  naming  this  remarkable 
fruit  in  honor  of  the  collector,  Mr.  George  B. 
Richardson,  of  the  United  States  Geological 
Survey. 

Occurrence:  Raton  formation  (Tertiary); 
5  miles  south  of  Aguilar,  Colo.,  collected  by 
G.  B.  Richardson  (5046). 

Order  SAPINDALES. 

Family  ANACABDIACEAE. 

Rhus?  vibumoides  Knowlton,  n.  sp. 

Plate  XCVIII,  figure  5. 

Leaflets  firm  in  texture,  obovate  or  obovate- 
oblong,  more  or  less  unequal  sided;  margin  en- 
tire below,  doubly  serrate  above,  the  teeth 
sharp  and  upward  pointing;  midrib  straight; 
secondaries  about  four  or  five  pairs,  at  an  acute 
angle,  ending  in  the  longer  teeth,  the  lowest 
pair  with  two  or  three  branches  on  the  out- 
side; finer  nervation  obscure. 

This  species  is  represented  by  a  number  of 
examples,  one  of  which  is  figured.  The  larger 
is  4.5  centimeters  in  length  and  2.5  centimeters 
in  width,  while  the  smaller  one  is  3.5  centi- 
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meters  long  and  barely  1.5  centimeters  wide. 
The  latter  is  markedly  unequal  sided  and, 
moreovw,  lies  in  association  with  what  appears 
to  be  a  small  piece  of  the  general  rachis. 

I  am  imcertain  as  to  the  generic  reference  of 
these  specimens.  The  smaller  seems  with  little 
doubt  to  be  a  leaflet  of  RhuSf  but  the  larger, 
though  it  resembles  the  other  more  or  less 
closely  in  essential  character,  has  less  the  gen- 
eral facies  of  the  genus.  For  instance,  it  some- 
what resembles  certain  small-leaved  species  of 
Viburnum,  especially  in  the  teeth,  and  it  is 
possible  that  the  two  are  not  congeneric. 

Occurrence:  Raton  formation  (Tertiary); 
railway  cut  about  one-half  mile  northwest  of 
Wootton,  Colo.,  50  to  100  feet  below  the  Woot- 
ton  coal,  collected  by  W.  T.  Lee  (5711). 

Family  CELASTBACEAE. 

Celastms  serratus  Knowlton,  n.  sp. 

Plate  XCVIII,  figure  3;  Plato  XCIX,  figure  4;  Plate  C, 

figiure  1. 

Leaves  of  firm  texture,  ovate  or  ovate-oblong 
in  outline,  slightly  cordate  and  imequal  sided 
at  base  and  apparently  obtusely  acuminate  at 
apex;  margin  entire  at  base;  thence  provided 
with  numerous,  relatively  small,  sharp,  up- 
ward-pointing teeth;  petiole  and  midrib  xery 
strong;  secondaries  strong,  about  ten  pairs,  the 
lower  ones  opposite  and  emerging  nearly  at 
right  angles,  the  upper  ones  alternate  and 
emerging  at  an  angle  of  about  45**,  all  more  or 
less  curved  upward  and  most  of  them  with  two 
or  three  branches  on  the  lower  outer  side  which 
enter  the  teeth,  or  the  secondaries  arching  and 
joining,  and  sending  outside  branches  to  the 
teeth.  Nervilles  numerous,  oblique  to  the 
secondaries  and  approximately  at  right  angk^ 
to  the  midrib;  fine  nervation  consisting  of  very 
small  areolae. 

This  species  is  represented  by  several  very 
well  preserved  leaves,  the  three  specimens  fig- 
ured representing  the  extremes  in  size.  The 
largest  leaf  is  about  18  centimeters  long  and  12 
centimeters  wide  and  the  smaller  one  about  9 
centimeters  long  and  5.5  centimeters  wide. 
The  petiole,  of  which  only  a  small  length  re- 
mains in  the  larger  specimen,  is  nearly  4  milli- 
meters in  thickness.  In  the  additional  speci- 
men figured  from  Wootton  the  petiole  reaches 
the  extraordinary  length  of  11  centimeters. 
Several  specimens  of  intermediate  size  have 
not  been  figured. 


The  present  species  is  undoubtedl 
closely  related  to  Celastrus  ferrugineua 
from  the  Fort  Union  fonnation  of  M< 
in  fact,  the  smaller  of  the  two  leaves  h 
ured  is  hardly  to  be  distinguished  from 
figure  13.  About  the  only  differenc 
can  be  readily  observed  is  the  greater  s 
sharper-pointed  form  of  C.  serratus.  H< 
the  largest  leaf  of  the  latter  species  : 
much  larger  than  the  largest  specimei 
ferrugineus  figured  by  Ward;  in  fact,  it 
than  twice  its  size.  In  the  absence  c 
plete  proof  of  the  identity  of  the  two  i 
the  one  under  consideration  has  been  { 
new  name. 

Occurrence:  Raton  formation  (Tei 
dump  of  mine  at  Primero,  Colo.,  coUec 
W.  T.  Lee  (5798)  on  same  stone  as  Aspl 
primero  and  Eucalyptus  leei,  Wootton^ 
50  to  100  feet  above  the  Wootton  co 
lected  by  W.  T.  Lee  (5712). 

Celastms  sp. 

Plato  XCVIII,  figure  1. 

The  collection  from  near  Yankee,  N 
contains  a  single  fragment,  here  figure 
appears  best  referred  to  the  genus  Ce 
It  is  so  fragmentary  that  a  clear  idea 
size  and  distal  configuration  can  not 
tained.  It  was  apparently  elliptical-Ian 
in  outline,  with  abruptly  rounded  ba 
finely  serrate  margin.  The  nervation  ( 
of  a  strong  midrib  and  probably  about « 
pairs  of  thin,  parallel,  camptodrome  i 
aries. 

Occurrence:  Raton  formation  (Tei 
Iloneyfield  mine  near  Yankee,  N.  Me; 
lected  by  W.  T.  Lee  (5140). 

Euonymus  splendens  Berry. 

Plato  LXIX,  figure  1. 

Euonymus  splendens  Berry,  U.  S.  Geol.  Survey  Pr 
91,  p.  267,  pi.  61,  fig.  6;  pi.  62,  figs.  1-5,  11 

Leaf  apparently  coriaceous  in  t 
broadly  ovate-lanceolate,  14  centimetej 
6.5  centimeters  wide,  abruptly  round 
truncate  at  base,  acuminate  at  apex; 
finely  crenatc-serrate  throughout  exce] 
the  base;  midrib  very  strong;  secondai 
merous,  about  fourteen  pairs,  strong,  ei 
at  a  very  low,  almost  a  right,  angle  bel< 

i  Ward,  L.  F.,  S>'nopsls  of  the  flora  of  the  Laramie  group: 
Survey  Sixth  Ann.  Rept.,  p.  655,  pi.  52,  figs.  11-14, 1886. 
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about  45°  in  the  upper  part,  mainly  alternate, 
somewhat  curved  upward,  occasionally  forked, 
apparently  craspedodrome;  finer  nervation 
obsolete. 

This  leaf  is  fortunat<^ly  nearly  perfect,  lackmg 
only  a  small  portion  of  the  upper  extremity, 
and  is  well  characterized  by  its  broadly  ovate- 
lanceolate  shape,  finely  imdulate-serrate  mar- 
gin, and  numerous  low-angled  secondaries. 
The  petiole  is  preserved  for  a  length  of  5 
millimeters. 

This  species  is  at  first  siglit  strongly  sugges- 
tive of  what  Lesquereux  has  identified  as 
Quercus  Jiaidingeri  Ettingshausen,*  from  the 
Green  River  formation,  but  differs  from  it  in 
its  larger  size,  obtusely  rounded  instead  of 
obtusely  wedge-shaped  base,  and  lower  angled 
secondaries. 

Occurrence :  Raton  formation  (Tertiary) ; 
southern  end  of  Raton  tunnel,  north  of  Raton, 
N.  Mex.,  collected  by  W.  T.  Lee  (5155).  Wil- 
cox formation  (Tertiary);  the  commonest 
species  in  the  Wilcox. 

FamUy  ACEBACEAE. 
Acer  fragilis  Knowlton,  n.  sp. 

Plate  CI,  figures  1,  2. 

Leaves  evidently  membranaceous  in  texture, 
broadly  deltoid  in  general  outline,  truncate  at 
base,  palmately  sevien  ribbed  and  apparently 
seven  lobed;  lower  lobes  largest,  acute,  sup- 
phed  by  the  ribs;  upper  pair  small,  obtusely 
acute,  supplied  by  secondary  branches  from 
the  midrib;  sinuses  roimded;  nerviUcs  obscure, 
apparently  mainly  broken. 

This  s])ecies  is  represented  by  several  speci- 
mens, but  all  are  so  much  broken  that  it  is 
almost  impossible  to  get  a  clear  idea  of  the 
shape  and  a]>])eHrance  of  the  leaf.  It  is 
clearly  truncate  at  base  and  seven  ribbed  and 
is  apparently  seven  lobed,  the  lower  lo])es 
being  entered  l)y  the  lateral  ri])s  and  the  upper 
pair  by  secondary  branches  from  high  up  on 
the  midrib,  llie  tenninal  lobe  is  acuminate 
and  the  othei*s  are  rather  obtusely  acmninate; 
none,  so  far  as  seen,  is  toothed.  The  leaves 
are  all  so  fragiiientary  that  it  is  impossible  to 
get  any  accurate  measurements,  though  the 
length  appears  to  range  from  7  to  10  centi- 
meters and  the  width  from  6  to  8  centuneters. 

»  U.  S.  Geol.  Survey  Terr.  Kept.,  vol.  7  (Tertiary  flora),  pi.  20,  figs. 
9, 10, 1878. 


This  species,  it  is  admitted,  is  not  well 
foimded,  and  it  is  presented  simply  to  call 
attention  to  the  fact  that  such  an  aceroid 
type  of  leaf  is  present  in  these  beds.  Addi- 
tional collections  will  be  necessary  before  it  can 
be  made  out  with  full  satisfaction.  Tiiis  being 
the  case  it  seems  hardly  worth  while  to  insti- 
tute comparisons  with  either  hving  or  fossil 
species. 

Occurrence:  Raton  formation  (Tertiary); 
floor  o'  Fishers  Peak  mine,  3  miles  southeast 
of  Trinidad,  Colo.,  collected  by  G.  B.  Richard- 
son's party  (5099);  Sugarite  mine,  4  miles 
northeast  of  Raton,  N.  Mex.,  collected  by 
F.  H.  Knowlton  (5467). 

FaxnUy  SAPINDACEAE. 

Sapindus  caudatus  Lesquereux. 

Plate  C,  figure  2. 

Sapindus  caudatus  Lesquereux,  U.  S.  GeoL  Survey  Terr. 
Ann.  Rept.,  1872,  p.  380,  397,  1873;  U.  S.  Geol.  and 
Geog.  Survey  Terr.  Ann.  Kept.,  1873,  p.  382,  1874; 
idem,  1876,  p.  515,  1878;  U.  S.  GeoL  Survey  Terr. 
Rept.,  voL  7  (Tertiary  flora),  p.  264,  pL  48,  fig.  6, 
1878;  Harvard  ColL  Mus.  Comp.  Zool.  Bull.,  vol. 
16,  p.  54,  1888. 

Nyssa  lanceolata  Lesquereux,  U.  S.  GeoL  Survey  Terr. 
Ann.  Rept.,  1872,  p.  407,  1873;  U.  S.  GeoL  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  245,  pi.  35, 
fig.  5  [not  figs.  6,  6a],  1878. 

Leaf  subcoriaceous  in  texture,  broadly  lan- 
ceolate or  elliptical-lanceolat>e  in  shape,  in- 
equilateral, narrowed  to  the  petiole  on  one 
side,  rounded  to  it  on  the  other  side,  tapering 
above  into  a  long  acuminate  point;  margin 
])erfectly  entire;  midrib  strong;  secondaries 
about  twelve  pairs,  mostly  alternate,  imequaliy 
distant,  the  lowest  one  more  open,  curving  to 
and  along  the  borders  and  anastomosing  with 
shorter  intermediate  ones;  upper  ones  campto- 
drome,  curving  along  the  borders;  nervilles 
rather  obhque  to  the  secondaries;  finer  nerva- 
tion copious,  producing  a  fine  irregular  network. 

In  size  these  leaves  are  remarkablv  uniform, 
the  usual  length  being  between  7  and  10  centi- 
meters, exceptionally  11  centimeters,  and  the 
usual  width  about  4  centimeters;  they  are 
quite  strongly  unequal  sided  and  the  tip  is 
prolonged  into  a  long,  slender  point. 

The  type  specimen  of  this  fine  species  is  pro- 
served  in  the  United  wStates  National  Museum 
(No.  386)  and  has  been  well  described  and 
figured  by  its  author.  It  appears  to  be  a 
rather  rare  species,  for  in  the  large  collection 
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identified  by  Lesquereiix  for  the  Harvard 
College  Museum  of  C!omparative  Zoology  he 
foimd  only  one  specunen,  and  in  the  recent 
collections  made  by  Lake  only  a  very  few 
examples  were  foimd,  one  of  which,  however, 
is  exceptionally  complete  and  perfect. 

This  species  is  reported  by  Lesquerenx  *  from 
Campbell^s  quarry,  Cross  Lakes,  La.  (U.  S. 
Nat.  Mus.  2601 ),  but  the  specimen  can  not  now 
be  found.  The  material  is  a  very  hard  sand- 
stone and  most  of  the  other  leaves  preserved 
on  it  are  only  in  fragments.  Though  it  is,  of 
course,  impossible  to  say  how  this  particular 
specimen  is  preserved,  it  is  more  than  probable 
that  it  was  also  fragmentary  and  hence  open 
to  question.  More  material  must  be  obtained 
before  its  reference  can  be  positively  settled. 

After  consideration  I  have  concluded  that  it 
is  imperative  to  refer  what  Lesquereux  named 
Nyssa  lanceolata  to  Sapi/ndv^  caudatuSj  although 
at  one  time  I  was  incUned  to  regard  it  as  belong- 
ing to  Juglans  rugosa?  Nyssa  lanceolata  was 
described  originally  from  ^'  6  miles  above  Spring 
Canon,  Mont.,"  but  neither  this  nor  any  other 
specimen  from  there  appears  to  have  been  in 
the  United  States  National  Museimi,  and  it  is 
quite  possible  that  the  locaUty  of  the  type  was 
wrongly  recorded.  The  leaf  Lesquereux  fig- 
ures in  ''The  Tertiary  flora"  (U.  S.  Nat.  Mus. 
303)  comes  from  the  andesitic  beds  at  Golden, 
Colo.  This  specimen  agrees  so  well  with  the 
original  description  as  to  suggest  the  suspicion 
that  it  is  the  original  type  and  never  came  from 
the  Bozeman  coal  field  at  all,  but  there  is  no 
possible  manner  in  which  this  supposition  can 
bo  proved  or  disproved.  As  rather  militating 
against  this  view  it  may  be  stated  that  in 
Lesquereux^s  final  pronoimcement  on  the  sub- 
ject *  he  still  retains  the  species  as  coming  from 
Spring  Canyon  but  adds  *'  in  small  fragments  of 
leaves." 

In  any  event,  specimen  No.  303,  which  is 
the  figured  iyjio  of  so-called  Nyssa  lancedlataj 
comes  from  Golden,  Colo.,  and  is  nothing  more 
nor  less  than  the  basal  portion  of  a  leaf  that 
previously  had  been  named  Sajnndn^  caudaius, 
as  may  be  seen  by  comparing  the  figures  in 
"The  Tertiary  flora."  In  the  collections  from 
the  vicinity  of  Raton,  N.  Mex.,  I  have  found 

1  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  24, 1888. 

«  Knowlton,  F.  H.,  A  catalogue  of  the  Cretaceous  and  Tertiar>'  plants 
of  North  America:  U.  8.  Geol.  Survey  Bull.  152,  p.  153, 1898. 

»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Rept., 
vol.  7,  p.  246, 1878. 


the  single  example  here  figured,  which  i$ 
be  distinguished  from  Lesquereux^s  Sc 
caudaiuSj  the  only  difference  being  tl: 
slightly  greater  angle  of  its  secondaries. 
Occurrence:  Denver  formation  (Te: 
type,  Grolden,  Colo.  Livingston  forD 
*'  Six  mUes  above  Spring  Canon,  Mont.,''  < 
specimen  lost  and  none  since  obtained, 
formation  (Tertiary) ;  locaUty  85,  near  "i 
N.  Mex.,  collected  by  W.  T.  Lee  (5142> 
cox  formation  ?  (Tertiary) ;  Campbell's  i 
Cross  Lakes,  near  Shreveport,  La. 

Sapindus  aflOniifl  Newberry. 

Plate  XCIX,  fig:ure  3. 

Sapindus  affinu  Newberry,  Lyceum  Nat.  Hist.  N 
City  Annals,  vol.  9,  p.  51,  1868;  U.  S.  Geol 
Mon.  35,  p.  116,  pi.  30,  fig.  1;  pi.  40,  ^. 
Ward,  U.  S.  Geol.  Survey  Sixth  Ann.  Rept 
pi.  50,  figs.  2,  3,  1886;  U.  S.  Geol.  Surv 
37,  p.  67,  pi.  30,  figs.  1,  2,  1887. 

This  specimen  is  perhaps  the  most  ab 
and  widely  distributed  form  thxLs  far  disc 
in  the  Fort  Union  formation,  and  it  is  of  i 
that  it  should  be  found  in  the  Raton  for 
so  far  to  the  south  of  its  previously 
range.  In  the  specimens  figured  from  I 
there  is  a  single  nearly  perfect  loafl 
fragments'  of  two  or  three  others. 

Occurrence:  Raton  formation  (Te: 
dump  from  mine  at  Primero,  Colo.,  c< 
by  W.  T.  Lee  (5798).  Fort  Union  foi 
(Tertiary). 

Sapindus  rocklandensis  Knowlton,  n.  si 

Plate  XCVIII,  figure  4. 

Leaflet  coriaceous  in  texture,  ell 
lanceolate  in  oujbline,  abruptly  wedgo- 
at  base,  rather  obtusely  pointed  at 
petiole  apparently  short;  midrib  st 
secondaries  about  ten  pairs,  irregular,  o 
above  and  below  and  alternate  in  the  : 
emerging  at  a  very  low  angle,  then  much 
upward,  camptodrome,  occasionally  wi 
two  camptodrome  forks  on  the  outsid 
nervation  not  retained. 

The  present  example  is  nearly  perf( 
is  about  8.5  centimeters  in  length  t 
centimeters  in  width.  It  is  sUghtly  i 
sided  at  base  and  has  a  little  of  the 
preserved.  It  may  be  known  by  its  el] 
lanceolate  shape  and  numerous  irrogula: 
todromo  secondaries. 
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This  species  is  not  greatly  diflFerent  from 
certain  leaflets  referred  to  Sapindus  grandi- 
foliolus  Ward  ^  from  the  Fort  Union  formation 
of  Montana  and  Wyoming,  but  it  differs  by 
its  narrower  and  more  eUiptical  shape  and  its 
less  markedly  camptodromo  secondaries. 

Its  basal  portion  resembles  certain  leaflets  of 
Juglans  schimperi  Lesquereux '  from  the  Den- 
ver and  Green  River  formation,  but  its  upper 
portion  is  quite  different.  It  also  suggests 
leaflets  that  have  sometimes  been  placed  in 
Juglans  rugosa  Lesquereux,  but  the  agreement 
is  not  very  close. 

Occurrence:     Raton    formation    (Tertiary); 

one-eighth  mile  northeast  of  Rockland  mine, 

locahty  120,  north  side  of  Cucharas  Canyon, 

»  near  Walsenburg,  Colo.,  collected  by  W.  T. 

Loe  (5679). 

Order  BHAMNALES. 

FamUy  BHAMNACEAE. 

Rhamnus  clebumi  Lesquereux. 

Plate  CXIII,  figure  3. 

Rhamnua  cUhvrni  Lesquereux,  U.  S.  Gcol.  and  Geog. 
Sur\'ey  Terr.  Ann.  Rept.,  1873,  p.  381,  1874;  U.  S. 
Geol.  Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora), 
p.  280,  pi.  53,  figs.  1-3,  1878. 

The  material  from  Wootton,  Colo.,  con- 
tains the  single  finely  preserved  example  of 
this  species  that  is  hero  figured.  It  is  nearly 
perfect,  lacking  only  a  little  of  its  upper  part. 
It  is  about  13  centimeters  in  length  and  5.5 
centimeters  in  width,  and  is  indistinguishable 
from  the  typo  figures  given  by  Losquoreux. 

Occurronco:  llaton  formation  (Tertiary); 
collected  by  W.  T.  Leo — Canadian  Canyon, 
N.  Mex.,  1  milo  oast  of  Jones's  Canyon  (5291); 
dump  from  Tumor  mine,  1^  miles  north  of 
Wootton,  Colo.  (5714);  railway  cut  ono-half 
mile  north  of  Wootton,  Colo.  (5711);  Wet 
Canyon,  4  miles  northeast  of  Weston,  Colo. 
(5825) ;  ono-oighth  milo  northeast  of  Rof^kland 
mine,  locality  120,  north  side  of  Cucharas 
Canyon  near  Walsenburg,  Colo.  (5679); 
Sprmg  Canyon,  north  of  Vermejo  Park, 
N.  Mex.  (5236);  collected  by  G.  B.  Richard- 
son's party — 2  miles  southeast  of  Dean, 
Colo.  (5113);  one-half  mile  southwest  of  Ber- 
wind,    Colo.    (5107);  5   miles   above   Aguilar, 

1  U.  S.  Geol.  Survey  Sixth  Arm.  Rept.,  p.  554,  pi.  4,  figs.  4-8, 1886. 
« The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  p.  287,  pi. 
60,  flg.  10, 1878. 


Colo.  (5046);  collected  by  F.  H.  Knowlton— 
hillside  just  west  of  south  end  of  Raton  timnel, 
6  miles  north  of  Raton,  N.  Mex.  (5464);  col- 
lected by  Orestes  St.  John — ^Wootton,  Colo. 

Rhamnus  goldianus?  Lesquereux. 

Plate  CI,  figure  4;  Plate  CXII,  figure  5. 

Rhamnus  goldianus  Lesquereux,  U.S.  Geol.  Survey  Terr. 
Ann  Rept.,  1872,  p.  381,  1873;'U.  S.  Geol.  Survey 
Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  281,  pi.  53, 
figs.  4-8,  1878. 

• 

The  specimen  here  figured  appears  to  be 
properly  referable  to  this  species,  though  it  is 
preserved  on  such  a  coarse-grained  matrix 
that  its  character  can  not  always  be  made  out 
with  satisfaction.  It  is  about  the  same  size 
and  shape  as  the  medium-sized  leaves  of  R. 
goldianus  and  has  about  the  same  nimiber  of 
close  parallel  secondaries.  It  has  also  the 
sUghtly  heart-shaped  base,  but  its  lowest  pair 
of  secondaries  does  not  appear  to  be  suppUed 
with  tertiary  branches.  The  nervilles,  though 
faintly  preserved,  appear  to  be  of  the  same 
character  as  in  typical  R,  goldianus.  It  is 
possible  that  the  specimen  under  considera- 
tion is  not  quite  the  same,  but  it  is  obviously 
very  close,  and  rather  than  make  it  a  new 
species  the  identification  has  been  questioned. 

Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  below  the 
Wootton  coal,  collected  by  W.  T.  Lee  (5711); 
dump  of  Green  Canyon  mine,  locality  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  L(H)  (5684). 

Rhamnus?  woottonensis  Knowlton,  n.  sp. 

Plate  01,  figure  6. 

Leaf  firm  in  texture,  clUptical-lanceolate  in 
shape,  obtusely  wedge  shaped  at  base,  appar- 
ently acuminate  at  base;  margin  entire  below, 
thence  shghtly  undulate  or  in  a  few  places 
toothed,  the  teeth  few,  scattered,  low;  midrib 
fairly  strong,  perfectly  straight;  secondaries 
nine  or  ten  pairs,  alternate,  at  an  angle  of 
45°,  slightly  curved  upward,  a  few  near  the 
middle  with  two  or  three  tertiary  branches  on 
the  outside;  nervilles  thin,  mainly  prominent. 

The  specunen  figured  is  the  best  observed, 
but  it  lacks  a  portion  of  the  side  and  the  ex- 
treme apex.  The  length  is  about  17  centi- 
meters and  the  width  7  centimeters.  It  is 
very  difficult  to  be  certain  of  the  exact  con- 
figuration of  the  margin,  but  it  is  certainly 
entire  for  perhaps  a  fourth  of  its  length  from 
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the  base;  thence  to  the  apex  it  appears  to  be 
slightly  undulate  or  in  places  obscurely  toothed. 
The  only  really  distinct  tooth  appears  to  be 
entered  by  a  small  branch  from  a  secondary; 
the  other  secondaries  appear  to  be  campto- 
drome,  but  it  is  impossible  to  be  certain  of  just 
how  they  terminate. 

Occurrence:  Raton  formation  (Tertiary); 
diunp  of  Turner  mine,  IJ  miles  north  of 
Wootton,  Colo.,  collected  by  W.  T.  Lee  (5714), 
on  same  stone  with  a  fragment  of  Andromedaf 
lanceolata. 

Rhamnus  obovatus  Lesquereux. 

Ehammis  obovatus  Lesquereux,  Am.  Jour.  Sci.,  2d  eer., 
vol.  45,  p.  207,  18()8  (nomen  nudum);  U.  S.  Geol. 
Survey  Terr.  [Third]  Ann.  Rept. ,  p.  97, 1869  (reprint, 
p.  197,  1873);  idem,  1871,  Suppl.,  p.  15, 1872;  idem, 
1872,  pp.  381,  402,  1873;  U.  S.  Geol.  and  Geog. 
Survey  Terr.  Ann.  Kept.,  1873,  pp.  382,  385,  1874; 
idem,  1876,  p.  517,  1878;  U.  S.  Geol.  Survey  Terr. 
Rept.,  vol.  7  (Tertiary  flora),  p.  281,  pi.  54,  figs.  1, 
2,  1878;  U.  S.  Nat.  Mus.  Proc.,  vol.  11,  p.  20,  1888. 

This  was  one  of  the  three  species  collected  in 
1867  by  J.  L.  Le  Conte  and  the  only  one  coming 
from  the  locality  given  as  '*  upper  end  of 
Purgatoire  Canyon,  N.  Mex.'^  It  was  subse- 
quently reported  by  Lesquereux  from  Golden, 
Colo.,  and  Evans  ton,  Wyo.,  but  the  type 
specimens,  together  with  all  other  original 
specimens,  are  now  lost  or  at  least  their  present 
location  is  unknown.  The  records  of  the 
United  States  National  Museum  do  not  show 
that  any  of  these  specimens  have  ever  been  in 
its  possession. 

Rhamnus  obovatus  is  not  contained  in  any  of 
the  recent  collections  from  the  Raton  Mesa 
region,  but,  as  may  be  seen  from  Lesquereux's 
figures  of  it,  it  is  too  definite  and  well  marked 
to  be  ignored. 

Occurrence:  Raton  formation  (Tertiary); 
type,  upper  end  of  Purgatoire  Canyon,  Colo., 
coDected  July,  1867,  by  J.  L.  Le  Conte.  Den- 
ver formation  ?  (Tertiary);  Golden,  Colo.  See 
Lesquereux. 

Rhamnus  fischeri  Lesquereux. 

Rhamnus  fischeri  Lesquereux,  U.  S.  Geol.  Survey  Terr. 
Ann.  Rept.,  1871,  Suppl.,  p.  51,  1872. 

Lesquereux  says : 

Leaves  thickish,  large,  4  inches  long,  3  inches  broad, 
rhomboidal,  obtupo  and  entire;  median  nerve  thick, 
^ooved,  secondary  nerves  open  (angle  of  divergence,  00°), 
equidistant,  ten  to  twelve  pairs,  parallel,  straight  to  the 


borders  where  they  abruptly  curve,  camptodr 
the  form  of  the  leaves  and  the  straight  seconc 
this  species  is  related  to  Rhamn  us  aizoon  Heer.  1 
tion  is  not  distinguishable. 

So  far  as  known  to  the  writer  this  spe* 
not  subsequently  referred  to  by  its  autl 
does  not  appear  in  ''The  Tertiary  flora, 
was  the  formal  summing  up  of  availal 
to  1878,  and  it  seems  probable  that 
merged  with  some  other  species  oi 
though  there  is  no  evidence  to  supp( 
view.  In  the  absence  of  infomiatior 
its  disposition  it  seems  best  to  retain  it 
by  Lesquereux. 

Occurrence:    Raton    formation    (Te 
"Fischers    Peak,    Raton    Mountains, 
collected  by  F.  V.  Hayden,  1869. 

Berchemia  mnltinervis  (Alexander  Braim)  ] 

Plate  CI,  figure  5. 

Berchemiu  parvifolia  Lesquereux,  Am.  Jour.  Sri. 
p.  207,  1868;  U.  S.  Geol.  Survey  Terr.  [Thi 
Rept.,  p.  96, 1869,  reprint,  p.  196, 1873;  id< 
p.  382, 1871;  idem,  1871,  Suppl.,  p.  15,  18 
Geol.  and  Geog.  Survey  Terr.  Ann.  Kept. 
382,  1874. 

Berchetnia  multinervis  (Alexander  Braun)  He 
quereux,  U.  S.  Geol.  Survey  Terr.  Rept 
(Tertiary  flora),  p.  277,  pi.  52,  figs.  9,  ; 
U.  S.  Geol.  and  Geog.  Survey  Terr.  Am 
1876,  p.  517,  1878;  U.  S.  Nat.  Mus.  Proc. 
p.  16,  1888. 

Neither  of  the  figured  American  ''ty] 
this  species  are  now,  nor  apparently  ha 
been,  in  the  United  States  National  \ 
collection.  As  indicated  by  the  syn 
Lesquereux  first  called  this  form  Be) 
parvifolia,  but  when  he  prepared  "The  1 
flora''  he  decided  that  it  was  not  sufii 
distinct  from  the  well-known  European 
a  view  of  which  all  later  coDections  ap 
sustain.  The  earlier  specimens  are  6 
have  come  from  Raton  Pass  in  the 
Mountains,  N.  Mex.,  but  they  are  not 
United  States  National  Museum  anc 
whereabouts  can  not  be  ascertained, 
specimens,  however,  have  been  reporte 
several  localities  in  or  about  the  Denver 
tion  of  Colorado. 

This  species  as  found  in  American  si 
imdoubtedly  closely  allied  to  Rhamnus 
anus,  from  which  it  differs,  according 
quereux,  in  never  exliibiting  the  lowe 
of  secondaries  branched  on  the  outside. 
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character  Ward  ^  does  "not  regard  as  of  suffi- 
cient weight  to  be  treated  as  generic,"  and  it  is 
a  slight  character  to  attach  such  importance  to. 
But,  as  Lesquereux  says,  all  of  the  leaves  of 
Rhamnus  goldianusy  regardless  of  size,  have  the 
lower  secondaries  branched,  and  as  none  of 
the  leaves  of  Berchemia  show  this  branching  it 
perhaps  becomes  a  generic  character. 

Much  more  difficult,  it  appears  to  me,  is  the 
task  of  discriminating  between  B.  multinerv^is 
and  the  small  leaves  of  Rhamnus  clebumi, 
which  are  frequently  associated  with  it. 
Rhamnus  clebumi  differs  from  R.  goldianus  in 
being  usually  of  larger  size  and  in  not  having 
the  lower  pair  of  secondaries  branched,  which 
is  sufficient  where  the  leaves  are  large,  but 
when  they  are  smaller  it  is  impossible  to 
separate  them  from  B.  muUinervis.  They  can 
only  be  unsatisfactorily  separated  by  the  fact 
that  B,  muUinervis  Is  nearly  elliptical  and  R. 
dehumi  more  pointed. 

According  to  the  facts  above  presented,  the 
leaf  from  Golden,  Colo.,  referred  by  Ward  to 
Berchemia  multinervis,^  will  have  to  be  referred 
to  Rhamnus  goldianus.  It  is  no  smaller  than 
a  number  of  leaves  referred  to  this  latter 
species  by  Lesquereux,  being  only  a  little  more 
wedge  shaped  at  base. 

The  recent  collections  from  the  Denver 
Basin  embracing  this  species  come  from  the 
south  face  of  South  Table  Mountain,  Golden, 
Colo.,  and  from  3,000  feet  east  of  the  Douglass 
coal  mine,  west  of  Scdaha,  Colo.  The  species 
has  also  been  reported  from  the  Fort  Union 
formation  near  the  mouth  of  Yellowstone  River. 

The  single  specimen  here  figured  from  New 
Mexico  is  nearly  perfect  so  far  as  regards  out- 
line and  the  principal  nervation,  and  it  is 
referred  to  this  species  with  httle  hesitation. 
It  is  preserv^ed  on  such  a  coarse-grained  sand- 
stone that  the  peculiar,  fine  nervation  is  almost 
obliterated,  though  careful  study  discloses  a 
few  nervilles.  It  is  a  little  more  nearly  eUip- 
tical  than  the  two  examples  figured  by  Les- 
quereux, but  it  is  exactly  duphcated  by  some 
of  the  leaves  figui*ed  by  Heer  ^  from  the  Swiss 
Miocene.  The  finding  of  this  species  again  in 
the  Raton  region  is  of  importance  in  confirm- 

>  Ward,  L.  F.,  T>T>es  of  the  Laramie  flora:  TJ.  S.  Oeol.  Survey  Bull. 
37,  p.  73,  18S7. 
•  «  Ward,  L.  F.,  op.  cit.,  p.  73,  pi.  33,  fig.  2. 

»  Flora  tertiaria  Helvetiae,  vol  3,  pi.  123, 1859. 


ing  Lesquereux^s  original  reference,  though  his 
specimens  are  now  lost. 

Occurrence:  Raton  formation  (Tertiary); 
Raton  Pass,  Raton  Mountains,  N.  Mex.,  type 
locality  of  Berchemia  parvifolia  Lesquereux, 
mine  No.  5,  locality  85,  near  Yankee,  N.  Mex., 
collected  by  W.  T.  Lee  (5134).  Denver  for- 
mation (Tertiary);  Golden,  Colo.,  Dawson 
arkose,  near  Douglass  mine,  west  of  Sedalia, 
Colo.  Fort  Union  formation  (Tertiary) ;  mouth 
of  Yellowstone  River,  Mont. 

Paliunis  zizyphoides  Lesquereux. 

Plate  CIV,  figure  2. 

Paliunis  zizyphoides  Lesquereux,  U.  S.  Geol.  Survey 
Terr.  Ann.  Kept.,  1872,  p.  384,  397,  1873;  U.  S. 
Geol.  and  Geog.  Survey  Terr.  Ann.  Rept.,  1873^ 
p.  382,  1874;  idem,  1876,  p.  516,  1878;  U.  S.  Geol. 
Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  274^ 
pi.  51,  figs.  1-6,  1878;  Ilarvard  Coll.  Mus.  Comp. 
Zool.  Bull.,  vol.  16,  1888,  p.  55. 

Four  of  the  six  figured  types  of  this  species 
are  preserved  in  the  United  States  National 
Museum  (fig.  1,  No.  416;  fig.  4,  No.  416*;  fig. 
5,  No.  418;  fig.  6,  No.  416*),  as  are  also  a 
number  of  other  specimens  marked  as  types 
which  do  not  appear  to  be  such,  and  it  is 
possible  that  the  two  missing  ones  may  be  in 
the  collection  under  wrong  numbers. 

This  species  was  first  described  from  Erie,, 
near  Golden,  Colo.,  but  the  specimen  (or  speci- 
mens) can  not  now  be  found  and  none  have 
since  been  obtained  from  the  locality.  A 
single  specimen  in  the  collection  (No.  417) 
from  Sand  Creek,  Colo.,  is  marked  as  a  type,, 
but  it  can  not  be  identified  with  an}^  of  the 
figures.  It  is  not  well  preserved  and  does  not 
appear  to  agree  closely  w^ith  the  typical  forms. 
It  seems  to  be  more  closely  related  to  Rhamnus 
and  may  belong  to  this  genus. 

Most  of  the  specimens  representing  the  species 
come  from  Black  Buttes,  Wyo.,  but  a  few 
appear  to  have  been  found  at  Golden,  Colo. 
Tlie  Black  Buttes  specimens  as  figured  differ 
considerably  among  themselves.  They  meas- 
ure 2  to  7  centimeters  each  way,  for  they  are 
nearly  round  or  sometimes  approximately  oval. 
At  first  sight  it  seems  hardly  possible  that 
they  belong  to  one  species,  yet  in  nervation 
they  certainly  appear  very  similar.  The  thick 
midrib  is  *' abruptly  inflated  above  the  base  of 
the  leaves  and  the  two  or  three  pairs  of  pri- 
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mary  nerves  are  successively  attached  to  it, 
the  inner  ones  at  the  top  of  the  inflated  part, 
the  others  lower/*  It  is  probable  that  if  a 
larger  scries  can  ever  be  obtained  it  will  be 
found  possible  to  divide  them  up. 

The  specimen  figured,  which  is  from  south- 
eastern Colorado,  agrees  most  closely  with 
figure  6  of  the  original  illustrations.  It  lacks 
all  of  the  upper  portion  (as  does  also  the 
figure  with  which  it  is  compared),  but  so  far 
as  can  be  made  out  the  differences  are  not 
essential. 

Occurrence:  Raton  formation  (Tertiary); 
Wootton,  Colo.,  50  to  100  feet  above  the 
Wootton  coal,  collected  by  W.  T.  Lee  (5712). 
Black  Buttes  coal  group  (regarded  by  the 
author  as  post-Laramie) ;  Black  Buttes,  Wyo. 
Denver  formation  (Tertiary);  Golden,  Colo. 
Laramie  formation  (Cretaceous) ;  Erie  and  Sand 
Creek,  Colo. 

Zizyphns  fibrillosus  (Lesquereox)  Lesgaerenx. 

Plate  CI  I,  figure  1. 

Ceanothus  fibrillosus  Leequereux,   U.   S.   Creol.   Survey 

Terr.  Ann.  Rept.,  1872,  p.  381,  1873;  U.  S.  Geol. 

and  Geog.  Survey  Terr.  Ann.  Rept.,  1873,  p.  404, 

1874. 
Zizyphus  fibrillosiLS  (Lesquereux)  Lesquereux,  U.  S.  Geol. 

Survey  Terr.  Rept.,  vol.  7  (Tertiary  flora),  p.  276, 

pi.  52,  figs.  1-6,  1878;  Harvard  Coll.  Mus.  Comp. 

Zoology  Bull.,  vol.  16,  p.  55,  1888. 
Zizyphus  distortus  Lesquereux,  U.  S.  Geol.  Survey  Terr. 

Rept.,  vol.  7  (Tertiary  flora),  p.  275,  pi.  51,  fig.  7 

(not  figs.  8,  9),  1878. 

The  figured  type  specimens  of  this  species, 
together  with  a  number  of  others,  are  preserved 
in  the  United  States  National  Museum  (Nos. 
425-429) .  Though  none  of  these  specimens  is 
absolutely  perfect,  the  different  parts  are  so 
well  represented  that  a  fairly  good  idea  of  the 
appearance  of  the  leaf  may  be  gained  from 
them. 

This  species  was  first  reported  by  Lesquereux 
as  rare,  but  subsequent  collections  have  shown 
it  to  be  one  of  the  piost  abundant  and  charac- 
teristic plants  of  the  Denver  formation,  to 
which  it  has  been  supposed  to  be  confined. 
The  collections  elaborated  by  Lesquereux  for 
the  Harvard  College  Museum  of  Comparative 
Zoology  contained  some  specimens,  and  the  col- 
lections made  at  Golden  by  the  United  States 
Geological  Survey  contain  about  40  more  or  less 
perfect  examples.  From  a  study  of  all  these 
leaves  it  appears  that  some  are  very  broad 


(8  centimeters),  with  a  round,  subcordate 
and  in  a  few  specimens  with  seven  ne 
though  normaUy  with  only  five  and  excep 
ally  with  only  three.  Others  arc  round  or 
truncate  at  base  and  are  prolonged  above 
a  rather  slender  acuminate  apex.  They 
narily  range  from  5  to  8  centimeters  in  ^ 
and  7  to  12  centimeters  in  length.  The  pe 
is  presented  in  some  leaves  for  2.5  to  3  c 
meters ;  it  is  narrow  below  and  broadens  sli| 
where  it  expands  into  the  laminae.  The 
viUes  are  very  close,  distinct,  simple,  at  : 
angles  to  the  midrib  and  more  or  less  obliqi 
the  lateral  nerves  and  their  branches.  Oi 
the  figured  types  of  Lesquereux's  Zizyphm 
tortus  ^  shows  no  essential  difference  from 
present  species  and  has  accordingly  been  ti 
ferred  to  it.  Very  probably  the  other  h 
figured  under  Z.  distortus  should  also  be  t] 
ferred  to  Z.  JibriUosus,  but  there  are  some 
sons  for  keeping  the  two  species  distinct, 
they  may  so  remain  for  the  present. 

Lesquereux's  statement '  that  this  specie 
been  found  at  Black  Buttes,  Wyo.,  appef 
be  in  error,  as  no  known  specimens  show 
distribution. 

The  specimen  here  figured  from  the  R 
Mesa  region  is  an  exceptionally  well  prese 
leaf,  at  least  as  regards  the  basal  portion 
petiole,  and  is  seen  to  belong  to  the  bro 
seven-ribbed  type  above  described.  The 
villes,  although  obscure,  are  really  well 
served,  and  can  be  made  out  with  a  low-] 
ered  microscope.  This,  specimen,  so  fa 
known,  is  the  first  one  found  outside  of 
Denver  Basin. 

An  exceptionally  large  leaf  of  this  specie 
curs  ui  a  collection  from  Vermejo  Creek 
Mex.     It  is  fully  12  centimeters  long  ai 
centimeters  broad  but  is  not  figured,  as 
somewhat  imperfect  on  the  margijis. 

Occurrence:  Denver  formation  (Tertis 
types.  Golden,  Colo.  Raton  formation  ( 
tiary),  collected  by  W.  T.  I^e — ^Apis] 
Canyon,  3  miles  northeast  of  Abeton,  ( 
(5688);  dump  of  mine  at  Delagua,  ( 
(5690);  Vermejo  Valley,  near  the  mout 
Salyers  Creek,  N.  Mex.  (5826);  junctio: 
Dillon  and  Coal  canyons,  near  Blossburg 
Mex.  (5149);  near  Yimkee,  N.Mex.  (5142); 

>  Lesquereux,  I.,eo,  The  Tertiary  flora:  U.  S.  (Jeol.  Sur\'ey 
vol.  7,  p.  275,  pi.  51,  flg.  7,  1878. 
2  Idem,  p.  270. 
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lected  by  G.  B.  Richardson's  party — 5  miles 
above  Aguilar,  Colo.  (5046);  collected  by 
Orestes  St,  John — Wootton,  Colo. 

Zizyphus  meiggsii  (Lesquereux)  Schimper. 

Plate  XCIX,  figures  1,  2;  Plate  C,  figure  3. 

Ceanothis  meiggsii  Lesquereux,  Am.  Philoe.  Soo.  Trans., 

vol.  13,  p.  419,  pi.  19,  figs.  5-7,  1869. 
Zizyphus  meiggsii  (Lesquereux),  Schimper,  Pal^ontologie 

v6g^tale,  vol.  3,  p.  223,  1874. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  278, 

pi.  70,  figs.  3-5,  1916. 

The  two  specimens  figured  are  from  Ver- 
mejo  Creek.  They  are  very  fragmentary  but 
seem  to  be  indistbiguishable  from  this  species. 
They  have  the  same  broadly  ovate  outhne, 
finely  and  evenly  serrate  margin,  and  triple- 
ribbed  primary  nervation.  The  lateral  ribs 
with  their  numerous  outside  branches  extend 
nearly  to  the  upper  point  of  the  blade;  and  the 
midrib  bears  numerous  thin  secondary 
branches.  Whether  or  not  the  apex  was  pro- 
longed into  the  slender  tip,  as  shown  in  one 
of  the  type  specimens,  can  not  be  ascertained, 
for  the  leaf  is  broken  just  at  this  point,  but 
from  the  appearance  of  the  midrib  it  is  ex- 
tremely probable  that  it  was  prolonged  to  some 
extent  at  least. 

A  specimen  beheved  to  belong  to  this  spe- 
cies was  detected  in  the  collections  from  the 
vicinity  of  Yankee.  It  is  indistinguishable 
from  the  larger  of  the  two  from  Vermejo  Creek. 

Occurrence :  Raton  formation  (Tertiary),  col- 
lected by  W.  T.  Lee — Vermejo  Valley,  near  the 
mouth  of  Salyers  Creek,  N.  Mex.  (5826) ;  sec- 
tion near  mine  No.  5,  locality  85,  Yankee, 
N.  Mex.  (5137).  Wilcox  formation  (Tertiary); 
typ^>  Mississippi. 

Order  MALVALES. 

FamUy  TIUACEAE. 

Apeibopsis?  neomexicana  Knowlton,  n.  sp. 

Plate  CI,  figure  3. 

Leaf  of  firm  texture,  ovate-lanceolate,  trun- 
cate at  base  (apex  destroyed) ;  margin  strongly 
undulate;  petiole  strong;  midrib  very  strong, 
especially  below;  secondaries  about  six  or 
seven  pairs,  alternate,  arising,  at  very  irregu- 
lar distances,  at  an  angle  of  about  45®,  some- 
what curved  upward,  camptodrome,  arching 
well  inside  the  margui,  often  wi^  large  loops; 
finer  nervation  obsolete. 


The  example  figured  is  the  only  one  observed 
of  this  form;  it  is  nearly  perfect,  lacking  only  a 
small  portion  of  the  apex.  The  length  was 
presumably  about  8  centimeters,  and  the  width 
is  nearly  4  centimeters.  The  outline  of  the 
leaf  and  the  rather  peculiar  nervation  are  well 
shown  in  the  figure. 

This  leaf  appears  to  be  related  to  Apeibopsisf 
discolor  Lesquereux,^  from  the  Black  Buttes 
coal  group  (regarded  by  the  author  as  of  post- 
Laramie  age)  at  Black  Buttes,  Wyo.,  but  is 
quite  distinct  from  it.  It  also  resembles 
Nyssa  ivddiana  Ward  ^  from  the  supposed 
Laramie  at  Hodges  Pass,  Wyo.,  but  is  easily 
distinguished  from  it. 

Occurrence:  Raton  formation  (Tertiary); 
locaUty  85,  near  Yankee,  N.  Mex.,  collected  by 
W.  T.  Lee  (5142). 

« 

Tilia  speciosissima  Knowlton,  n.  sp. 

Plate  LXVII. 

Leaf  of  large  size  and  very  firm  texture, 
broadly  ovate  in  shape,  deeply  cordate  at  base, 
the  lobes  rounded,  apex  rather  obtuse;  petiole 
very  long,  slender;  margin  undulate,  toothed, 
or  seemingly  almost  entire;  nervation  strong; 
three  ribbed  from  the  top  of  the  petiole,  the 
midrib  straight,  with  about  three  pairs  of 
strong  alternate  secondaries  at  an  angle  of 
about  45°,  slightly  curved  upward,  ending  in 
the  margin  or  sUghtly  below  it;  lateral  ribs 
nearly  as  strong  as  the  midrib,  running  up  for 
j  two-thirds  the  length  of  the  blade,  slightly 
curved  upward,  each  w^ith  numerous  (eight  or 
nine)  secondary  branches  on  the  outside,  the 
lowest  pair — which  arise  wdth  the  midrib  and 
lateral  ribs  at  the  base  of  the  blade  and  giving 
a  five-ribbed  appearance  to  the  leaf — ^with 
several  (about  eight)  tertiary  branches  which 
supply  the  basal  lobes;  nervilles  numerous, 
strong,  usually  somewhat  oblique  to  the 
secondaries. 

The  splendid  leaf  here  figured,  together  with 
its  counterpart,  is  almost  perfectly  preserved. 
It  is  broad-ovate  in  shape,  being  about  14  centi- 
meters long  and  12  centimeters  wide ;  its  petiole 
is  preserved  for  a  length  of  7.5  centimeters  and 
clearly  is  not  all  present.  The  nervation  is  so 
well  shown  in  Plate  LXVII  that  it  is  not  nec- 
essary further  to  describe  it. 

»  The  Tertiary  flora:  V.  S.  Oeol.  Survey  Terr.  Rept.,  vol.  7,  p.  259, 
pi.  44,  flg.  6,  1878. 

«  Synopsis  of  the  flora  of  the  Laramie  group:  I'.  S.  Geol.  Survey  Sixth 
Ann.  Rept.,  pi.  47,  flg.  7, 1886. 
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This  species  seems  with  reasonable  certainty 
to  belong  to  the  genus  TUia,  being,  for  example, 
quite  like  some  of  the  larger  leaves  of  the  living 
T.  americana  Linn6,  the  common  linden  or 
basswood.  Ordinarily  the  leaves  of  all  the  liv- 
ing species  of  TUia  are  more  or  less  unequal 
sided  at  base,  but  there  are  many  in  which  this 
inequaUty  is  slight  and  some  in  which  it  can  not 
be  detected.  The  present  leaf  is  not  quite  per- 
fectly preserved  at  base,  but  so  far  as  can  be 
made  out  it  is  slightly  inequilateral.  The  long 
strong  petiole  is  the  same  as  in  TUiaf  and  the 
manner  in  which  the  strong  lateral  ribs  origi- 
nate is  the  same  as  in  T.  americana.  The  mar- 
gin in  hving  linden  leaves  is  usually  sharply 
serrate,  though  in  certain  large  leaves,  especi- 
ally those  from  suckers,  the  teeth  are  less  nu- 
merous and  less  sharp.  The  margin  in  the 
fossil  leaves  is  obscurely  preserved  but  appar- 
ently is  not  strongly  toothed;  in  fact,  it  is 
almost  entire.  The  nervation  agrees  almost 
perfectly  with  that  of  T.  americana. 

TUia  speoiosissima  bears  much  resemblance 
to  certain  fossil  leaves  that  have  been  referred 
to  the  genus  Populus.  P.  latior  cordifolia  Heer,* 
from  the  Swiss  Miocene,  is  even  larger,  though 
of  quite  different  shape.  PopuLus  laevigata 
Lesquereux,*  from  the  Laramie  Plains  of 
Wyoming,  is  also  similar,  as  is  P.  genatrix  New- 
berry, from  the  Fort  Union  formation  of  the 
Yellowstone  Valley,  Mont.  On  the  whole,  how- 
ever, the  specimens  imdoubtedly  resemble  TUia 
more  closely  than  Popvlus. 

Oc<;iuTence :  Raton  formation  (Tertiary) ;  one- 
eighth  mile  northeast  of  the  Rockland  mine, 
locaUty  120,  north  side  of  Cucharas  Canyon, 
near  Walsenburg,  Colo.,  collected  by  W.  T.  Lee 
(5679). 

FamUy  STEBCITLIACEAE. 

Sterculia  berryana  Knowlton,  n.  sp. 

Plate  CII,  figures  3,  4. 

Leaf  small,  coriaceous,  truncate  to  a  sUghtly 
decurrent  base,  palmately  fir  lobed,  palmately 
three  ribbed  from  the  top  of  the  petiole;  lobes 
lanceolate,  acuminate,  the  central  lobe  much 
the  larger,  the  lowest  ones  very  small;  margin 
otherwise  perfectly  entire;  central  lobe  with 
three  or  four  pairs  of  alternate,  strong  secon- 
dary branches,  the  lowest  entering  and  miming 

»  Flora  tertiaria  IColvctiae,  vol.  2,  pi.  55,  figs.  1,  2, 1858. 
«The  Tertiary  flora:  U.  S.  Cicol.  Survey  Terr.  Rept.,  vol.  7,  pi.  21, 
flg.  9, 1878. 
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nearly  to  the  tip  of  the  lateral  lobes,  the  ot 
much  curved  upward  and  running  along 
margin ;  lateral  ribs  with  about  two  seconc 
branches  on  the  lower  side  onlv,  one  ente 
the  tip  of  the  lower  lobe  and  the  other  rum 
nearly  to  the  tip  of  the  lateral  lobe;  finer  ne 
tion  not  retained. 

This  fine  species  is  represented  by  sev 
specimens,  of  which  the  best  preserved  is 
ured  (fig.  3).  It  is  about  9  or  10  centime 
long  and  8  centimeters  between  the  tips  of 
lateral  lobes.  The  central  lobe  is  about 
centimeters  long  and  3  centimeters  broad, 
lateral  lobes  only  2.5  centimeters  long,  and 
basal  lobes  less  than  1  centimeter  long. 

Among  the  other  more  or  less  fragmen 
specimens  is  one  which  was  at  first  mista 
for  a  Phianiis.  It  was  probably  15  c€ 
meters  long  and  12  centimeters  or  more  br< 
The  specimen  shown  in  figure  4  was  probi 
fully  as  large,  and  it  weU  shows  the  trun< 
character  of  the  base  and  the  abruptly 
current  portion  which  follows  the  thin  rib 
their  junction  with  the  top  of  the  petiole. 

This  species  is  of  the  same  type  as  Sterc 
mucronata  Lesquereux  and  S.  snowii  Les( 
reux,  from  the  Dakota  sandstone  of  Kans 
from  which,  however,  it  differs  in  its  gener 
smaller  size,  its  relatively  much  larger  cen 
lobe,  and  markedly  in  its  nervation.  I 
wholly  unhke  any  of  the  few  American  Tert 
forms  thus  far  referred  to  this  genus. 

Among  foreign  Tertiary  species  8.  berry 
is  of  the  same  type  as  several — ^for  exam 
S.  labrusca  linger,  as  figured  by  Engelha 
and  S.  majdUma  Massalongo.^ 

This  species  is  named  in  honor  of  Edw 
W.  Berry. 

Occurrence:  Raton  formation  (Tertia 
mine  No.  5,  locality  85,  near  Yankee,  N.  M 
collected  by  W.  T.  Lee  (5134). 

Dombeyopsis  magnifolia  Knowlton,  n.  sp. 

Plate  CII,  figure  2. 

In  one  of  the  collections  from  Ute  P 
N.  Mex.,  a  specimen  was  found  (figure  2)  w 
appears  to  belong  to  the  genus  Dornbeyoi 
though  unfortunately  it  is  so  fragmen 
that  it  is  perhaps  unwise   to  give  it  a 


» IxKsquereux,  lAio,  The  flora  of  the  Dakota  group:  U.  S.  Geol.  S 
Mon.  17,  pi.  30,  figs.  1-4,  and  pi.  31,  flgs.  2,  3, 1892. 
*  Massolongo,  A.  B.,  Synopsis  florae  fossilis  Sonegalllensis,  pi.  20 

1858. 
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specific  name.  In  size  it  is  probably  nearest 
to  Dombeyopsis  ohtusa  Lesquereux/  from  the 
Denver  formation  at  Golden,  Colo. ;  it  is,  how- 
ever, larger,  being  fully  14  centimeters  long 
and  13  centimeters  wide.  Its  margin  is  undu- 
late, in  which  particular  it  agrees  better  with 
either  Z?.  trivialis  Lesquereux,*  from  the  Lara- 
mie at  Golden,  Colo.,  or  with  D.  platanoides 
Lesquereux,*  from  beds  at  SpringCanyon,  Mont. , 
that  are  regarded  by  the  author  as  of  post- 
Laramie  age.  It  is  larget  than  either  of  these 
species  and  is  proportionately  longer,  its  length 
exceeding  its  width.  It  was  at  least  four  lobed 
on  each  side  and  was  probably  deeply  heart 
shaped  at  base.  This  form  probably  can  be 
recognized  in  futiu'e  from  the  fragment  figured 
and  should  be  a  good  horizon  marker. 

Occurrence:  Raton  formation  (Tertiary); 
Ute  Park,  N.  Mex.,  on  road  to  Ponil  Park,  col- 
lected by  W.  T.  Lee  (5830). 

Pamily  VITACEAE. 

Vitis  olriki  Heer. 

Vitis  olriki  Heer,  Flora  foesilis  arctica,  vol.  1,  p.  120,  pi. 
48,  fig.  1,  1868. 
Leequereux,  U.  S.  Geol.  Survey  Terr.  Ann.  Kept., 
1871,  Suppl.  p.  12, 1872;  U.  S.  Geol.  and  Geog.  Sur- 
vey Terr.  Ann.  Rept.,  1873,  p.  385,  1874;  idem, 
1876,  p.  512,  1878;  U.  S.  Geol.  Survey  Terr.  Rept., 
vol.  7  (Tertiary  flora),  p.  241,  pi.  41,  fig.  8, 1878. 

The  single  example  upon  which  Lesquereux 
based  his  determination  of  this  species  in 
American  strata  is  preserved  in  the  United 
States  National  Museum  (No.  351).  It  agrees 
closely  with  the  original  Greenland  leaf  as  figured 
by  Heer,  being  oiJy  a  Uttle  coarser  toothed  and 
having  fewer  secondaries  on  the  midrib.  The 
specimen  described  and  figured  by  Lesquereux 
comes  from  Evanston,  Wyo.,  *^  above  the  coal." 
It  was  not  observed  in  the  recent  collections 
from  this  locality. 

Lesquereux  states  that  this  species  had  been 
found  in  the  Raton  Mountains,  but  no  speci- 
men from  this  locaUty  was  contained  in  the 
collections  of  the  United  States  National  Mu- 
seum. It  is  therefore  a  pleasure  to  be  able  to 
announce  that  a  single  example  with  its  coun- 
terpart occurs  in  the  present  collections  from 
the  mesa  north  of  Raton.  It.  is  fragmentary, 
lacking  all  of  the  upper  portion,  but  the  base 
is  well  shown  and  agrees  with  the  figure  given 

»  Lesquereux,  Leo,  The  Tertiary  flora:  U.  8.  Geol.  Survey  Terr.  Kept., 
vol.  7,  p.  255,  pi.  47,  figs.  4,  5,  1878. 
*  Idem,  pi.  47,  figs.  1,  2, 3. 
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by  Lesquereux,  except  that  it  is  a  little  larger. 
It  has  not  been  figured,  as  it  can  add  nothing 
to  our  knowledge  of  the  form. 

Occurrence:  Beds  regarded  by  the  author  as 
Tertiary;  Evanston,  Wyo.  Raton  formation 
(Tertiary) ;  mesa  north  of  Raton,  N.  Mex.,  at 
top  of  Raton  formation,  collected  by  W.  T. 
Lee  (5152). 

Vitis  leei  Knowlton,  n.  sp. 

Plate  LXVI,  figure  4. 

Leal  membranaceous  in  texture,  nearly  cir- 
cular in  outline,  sUghtly  heart  shaped  at  base, 
apparently  roimded  at  apex;  petiolo  strong,  at 
least  2.5  centimeters  long  and  probably  much 
longer;  margin  entire  for  a  short  distance  at 
base,  thence  regularly  and  evenly  serrate,  the 
teeth  strong,  sharp,  and  outward  pointing;  ner- 
vation palmate,  five  ribbed  from  the  top  of  the 
petiole,  the  lower  pair  nearly  at  right  angles  to 
the  midrib,  with  several  Tertiary  branches  on 
the  lower  side  that  enter  the  marginal  teeth; 
next  pair  of  ribs  at  an  angle  of  abojLit  45°,  cras- 
pedodrome,  each  with  four  or  five  branches  on 
the  outside  that  enter  the  teeth;  midrib  with 
three  or  four  pairs  of  craspedodrome  secondary 
branches;  nerviUes  thin,  usually  unbroken. 

The  specimen  figured  is  the  only  one  ob- 
served. It  is  nearly  circular  in  outUne,  the 
length  reaching  6.5  or  7  centimeters  and  the 
width  about  8  centimeters.  The  petiole,  as 
stated  above,  is  preserved  for  2.5  centimeters 
and  was  apparently  considerably  longer. 

This  \eeS,  fortunately  nearly  perfect,  appears 
to  be  certainly  referable  to  the  genus  Vitis,  it 
being  clearly  of  the  type  of  the  living  F.  Za&- 
rusca  Linnfi,  the  common  fox  grape  of  the  East. 
It  is  also  similar  to  F.  cinerea  Engelmann,  the 
downy  grape  of  the  Middle  West.  The  present 
species  has  much  the  same  shape  and  marginal 
toothing  as  these  Uving  species  but  is  less 
deeply  heart  shaped  at  base  and  has  the  ribs 
very  little  arched  upward.  Its  general  appear- 
ance, however,  is  quite  that  of  Vitis, 

At  first  it  was  thought  that  this  species  might 
be  referable  to  Popvlus.  It  agrees  very  well 
with  PopvliLS  latior  cordifolia  Heer  '  in  shape, 
configiu-ation  of  base,  marginal  teeth,  and  pal- 
mate origin  of  the  principal  ribs,  but  it  differs 
from  it  in  size  and  essentially  in  nervation,  all 
the  ribs  and  secondaries  being  craspedodrome 
instead  of  camptodrome.     Popvlus  grewiopsis 

s  Flora  tertiaria  Helvetiae,  vol.  2,  pi.  55,  fig.  2, 1856. 
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Ward,*  from  the  Fort  Union  formation  of  Mon- 
tana, is  closer  to  it  in  si^e  and  shape,  but  differs 
from  it  in  having  its  base  truncate  instead  of 
heart  shaped  and  its  principal  nervation  less 
markedly  palmate  in  origin,  though  craspedo- 
drome.  Hardly  to  be  distinguished  from  P. 
grevnopsis  is  Grevnopsis  popvlifolia  Ward,'  also 
from  the  Fort  Union;  the  two  are  certainly 
congeneric. 

Occurrence:  Raton  formation  (Tertiary); 
dump  of  Green  Canyon  mine,  locality  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

Vitis?  plataalfolia  Knowlton,  n.  sp. 

Plate  CIII,  figure  2. 

Leaves  of  medixmi  size,  coriaceous  in  texture, 
obtusely  wedge  shaped  and  entire  below,  three- 
lobed  above,  the  lobes  obtusely  triangular  in 
shape,  of  nearly  equal  size,  margin  of  lobes  with 
obtuse  teeth;  the  three  ribs  arising  at  the  base 
of  the  blade,  of  equal  strength;  nsddrib  with 
about  four  pairs  of  alternate  secondfkrieB  which 
pass  to  marginal  teeth;  lateral  ribs  with  four 
or  five  secondary  branches  on  the  lower  side 
and  three  or  four  on  the  upper  side;  finer 
nervation  obsolete. 

This  form  is  represented  by  a  number  of 
leaves,  biit  all  are  more  or  less  fragmentary, 
making  it  difficult  to  determine  the  characters. 
The  best  example  (fig.  2)  is  about  8  centi- 
meters long  and  about  11  centimeters  broad; 
other  specimene  are  a  Uttle  larger,  but  the 
average  size  is  apparently  as  stated. 

This  species  appears  to  be  most  closely  re- 
lated to  Vitis  bruneri  Ward'  from  Carbon, 
Wyo.,  being  of  about  the  same  size,  though 
more  wedge  shaped  at  base  and  less  inclined  to 
be  five  ribbed.  In  V.  bruneri,  however,  the 
five-ribbed  facies  is  more  apparent  than  real, 
for  the  lowest  pair  of  *'ribs"  is  simply  produced 
by  the  lower  secondaries,  which  in  some  speci- 
mens branch  off  near  the  base  of  the  real  lateral 
ribs. 

The  upper  portion  of  Vitis  carbonensis  Ward,* 
also  from  Carbon,  Wyo.,  is  perhaps  more  hke 
this  portion  of  V.  plcUanifolia,  but  its  basal 
portion  as  well  as  the  major  nervation  is  suffi- 
cient to  separate  the  two. 

1  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  Laramie  group:  U.  S.  GeoL 
Survey  Sixth  Ann.  Rept.,  pi.  36,  fig.  6, 1886. 

*  Idem,  pi.  55,  fig.  8. 
•   '  Idem,  pi.  51,  figs.  4, 5. 

« Idem,  pi.  51,  fig.  6. 


Occurrence:  Raton  formation  (Tei 
Riley  Canyon  near  Cokedale,  Colo.,  colle< 
W.  T.  Lee  (5701). 

Vitis  inominata  Knowlton,  m  sii. 

Plate  CVII,  figure  1. 

Leaf  rather  thin  in  texture,  appi 
nearly  circular  in  general  outline, 
heart  shaped  at  base,  apparently  roun* 
apex;  margin  regularly  and  coarsely  tc 
teeth  low,  outward  pointing;  nervation  i 
palmately  five  ribbed  from  tbe  extrem 
of  the  blade;  midrib  with  two  or  p 
three  pairs  of  remote  alternate  secon 
lateral  pair  of  ribs  arising  at  an  angle 
proximately  45®,  slightly  curved  upwan 
with  four  or  five  secondary  branches  < 
outside,  the  two  lower  with  two  or  thr 
tiary  branches  on  the  lower  side;  basal 
ribs  emerging  nearly  at  right  angles  wi 
midrib,  sligjitly  curved  upward,  ead 
about  six  tertiary  branches  on  the  low 
which  supply  the  roimded  basal  lobes 
nervation  not  preserved. 

This  species,  represented  by  a  single 
pie,  lacks  the  apical  portion  and  much 
side,  but  as  nearly  as  can  be  made  out 
approximately  circular  in  general  c 
The  length  was  about  10  centimeters  a 
width  about  the  same. 

That  this  leaf  is  properly  referred 
genus  Vitis  there  is  no  reasonable  do 
proclaimed  by  its  size,  general  shape,  mi 
dentation,  and  above  all  by  the  ner 
Among  Uving  species  it  is  strikingly  sin: 
F.  destivalis  Michaux,  the  common  si 
grape  of  eastern  North  America,  in  whi 
leaves  are  normally  strongly  three  lob< 
are  exceptionally  scarcely  lobed  at  all. 
the  unlobed  leaves  that  most  resemt 
fossil  under  consideration. 

Among  fossil  species  Vitis  inominata 
haps  closest  to  V.  olriJci  Heer,  as  figu 
Lesquereux*  from  Evanston,  Wyo.,  "ab( 
coal,"  but  it  differs  from  this  in  its  co 
lack  of  lateral  lobes  and  in  its  more  nm 
and  smaller  teeth. 

Occurrence:  Raton  formation  (Tei 
Trinidad  coal  field,  one-eighth  mile  no] 
of  Rockland  mine,  locaUty  120,  north 

» The  Tertiary  flora:  TJ.  8.  Geol.  Survey  Terr.  Rept.,  vol 
pi.  42,  fig.  8, 1878. 
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Cucharas  Canyon,  3  miles  southwest  of  Walsen- 
burg,  Colo.,  collected  by  W.  T.  Lee  (5679). 

Cissus  grossedentata  Knowlton,  n.  sp. 

Plate  CIV,  figure  1. 

Leaf  of  large  size  and  firm  texture,  broadly 
ovate,  rather  abruptly  roimded  below  to  a 
slightly  decurrent  basal  portion,  acuminate 
above;  margin  entire  at  base,  then  strongly 
few  toothed,  the  teeth  large,  rather  obtuse, 
separated  by  broad  shallow  sinuses;  midrib 
strong  below,  becoming  thin  abov6;  secondaries 
five  or  six  pairs,  at  an  angle  of  45°  or  50°,  the 
lowest  pair  much  the  stronger,  arising  well 
above  the  decurrent  portion  of  the  blade,  each 
with  four  or  five  tertiary  branches  on  the  out- 
side which  are  much  curved  upward  and  pass 
to  the  marginal  teeth;  other  secondaries  nearly 
opposite,  terminating  in  the  lai^e  teeth;  finer 
nervation  obsolete. 

This  splendid  leaf  is  nearly  perfect,  lackihg 
but  a  very  small  portion  of  one  margin.  It  is 
about  14  centimeters  long  and  slightly  over  8 
centimeters  wide.  The  decurrent  basal  por- 
tion is  about  1  centimeter  long  and  a  little  more 
than  this  in  width  where  it  turns  downward 
from  the  basal  line  of  the  blade.  The  petiole 
is  preserved  for  less'  than  1  centimeter.  The 
basal  pair  of  secondaries  is  almost  as  strong  as 
the  midrib  and  as  they  originate  well  above  the 
base  of  the  blade  the  leaf  appears  to  be  three 
ribbed. 

This  species  seems  to  be  most  closely  related 
to  Cissus  parrotiaefolia  Lesquereux  *  from 
which  it  diflFers  in  its  larger  size,  much  more 
pointed  apex,  deciurent  basal  portion,  and  in 
having  its  lowest  pair  of  secondaries  arising 
well  above  the  base  instead  of  at  or  near  the 
top  of  the  petiole.  Cissus  parrotiaefolia  was 
described  originally  from  beds  supposed  to  be 
of  Green  River  age,  but  careful  reading  of  the 
original  reference  shows  that  they  are  from  an 
imknown  locality,  for  it  appears  that  the 
"labels  had  been  lost  or  misplaced."  The  par- 
ticular specimen  above  referred  to  came  from 
Medicine  Bow,  Wyo.,  in  beds  now  known  to 
belong  to  Veatch's  "Upper  Laramie,"  which  is 
regarded  by  the  author  as  the  equivalent  there 
of  the  Lance  formation.  This  species  has  also 
been  found  by  Lesquereux  ^  from  the  Denver 
formation  at  Golden,  Colo. 

1  Idem,  p.  239,  pi.  42,  fig.  1. 

3  Harvard  CoU.  Mas.  Comp.  Zool.  Bull.,  vol.  16,  p.  52, 1888. 


It  is  possible  that  a  large  series  of  specimens 
might  show  that  what  is  here  described  as  a  new 
species  is  not  to  be  separated  from  C.  parroiiaS' 
folia,  for  the  differences  are  not  very  great. 

Occurrence:    Raton    formation    (Tertiary); 

Morley,  Colo.,  collected  by  Orestes  St.  John, 

1897. 

Cissus  laevigata  Lesquereux. 

Plate  cm,  figure  1. 

Cissiis  laevigata  Lesquereux,  U.  S.  GeoL  Survey  Terr.  Ann. 
Kept.,  1872,  p.  380,  1873;  U.  S.  Geol.  and  Goog. 
Survey  Terr.  Ann.  llept.,  1873,  p.  382,  1874;  idem, 
1876,  p.  512,  1878;  U.  S.  GeoL  Survey  Terr.  Kept., 
vol.  7  (Tertiary  flora),  p.  238,  pi.  40,  figs.  12, 13, 1878. 

Leaf  membranaceous,  broadly  oval  in  out- 
line, narrowing  in  a  broad  curve  to  the  short 
petiole;  three  nerved  from  the  base  or  slightly 
above  it,  the  lateral  ribs  running  nearly  straight 
to  about  the  middle  of  the  blade,  branching  on 
the  outside;  secondaries  alternate  or  subop- 
posite,  parallel;  nerviUes  prominent,  percmrent, 
approximately  at  right  angles  to  midrib;  areo- 
lation  quadrangular. 

This  species,  according  to  Lesquereux,  was 
f  oimded  on  two  specimens,  both  of  which  lacked 
the  upper  portions.  Only  one  of  these  types 
(No.  347),  the  original  of  Lesquereux's  jfigure 
13,  is  now  to  be  found  in  the  collections  of  the 
United  States  National  Museum.  Both  are 
said  to  have  come  from  the  same  locality, 
namely  the  Denver  formation  at  Golden,  Colo., 
together  with  a  number  of  smaller  fragments, 
but  none  appears  to  have  been  obtained  in  the 
type  area  in  recent  years. 

In  working  up  some  of  the  later  collections 
from  the  Denver  area,  two  specimens  were 
foimd  near  the  Douglass  coal  mines,  west  of 
Sedaha,  Colo.,  that  agree  in  every  particular 
with  the  figures  of  the  original  specimens. 
Like  the  types,  they  lack  the  upper  portions  of 
the  blade,  although  one  has  fully  two-thirds  of 
the  lamina  preserved.  Lesquereux  thought 
it  probable  that  these  leaves  would  be  obscurely 
trilobate  at  the  apex,  but  the  SedaUa  examples 
did  not  bear  this  out. 

The  specimen  here  identified  with  Cissus 
laevigata  is  the  most  complete  of  any  thus  far 
obtained,  but  it  also  lacks  the  extreme  point. 
The  base  of  this  specimen  agrees  perfectly  with 
the  types,  but  the  upper  portion  is  rather 
longer,  and  the  leaf  more  nearly  ovate,  than 
was  anticipated  from  examples  previously 
studied.     It  was  apparently  about  10  centi- 
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meters  long,  and  6.5  centimeters  wide  and  has 
the  petiole  preserved  for  nearly  2  centimeters. 
There  were  about  three  pairs  of  rather  slender 
secondary  branches  on  the  midrib  above  the 
basal  pah*  of  ribs.  The  finer  nervation  is 
obscure,  but  so  far  as  can  be  made  out  it 
agrees  with  the  type  specimen. 

Occurrence:  Denver  formation  (Tertiary); 
types,  Golden,  Colo.  Dawson  arkose  (Ter- 
tiary); 3,000  feet  east  of  the  Douglass  coal 
mine,  near  SedaUa,  Colo.  Raton  formation 
(Tertiary);  Apishapa  Canyon,  northeast  of 
Abeton,  Colo.,  collected  by  W.  T.  Lee  (5689). 

Order  TJMBELLALES. 

FamUy  ARALIACEAE. 

Aralia  coloradensis  Knowlton,  n.  sp. 

Plate  CVII,  figure  2. 

Leaf  of  large  size,  coriaceous  in  textm^, 
palmately  strongly  three  ribbed  from  the  very 
base  of  the  blade,  five  lobed,  central  lobe  and 
upper  pair  of  lateral  lobes  long-lanceolate  in 
shape;  basal  pair  of  lobes  small,  apparently 
lanceolate,  at  right  angles  to  the  midrib; 
margin  of  lobes  toothed,  the  teeth  remote, 
shallow;  the  three  upper  lobes  with  ten  to 
twelve  pairs  of  mainly  alternate  secondaries 
that  end  in  the  marginal  teeth;  midrib  of  lower 
pair  of  lobes  arising  from  the  lateral  pair  some 
distance  above  the  base  of  the  blade;  nervilles 
strong,  mainly  percurrent. 

The  leaf  figiu-ed,  the  only  one  noted  in  the 
collections,  was  about  20  centimeters  in  length 
and  16  to  18  centimeters  broad  between  the 
points  of  the  large  lateral  lobes.  The  central 
lobe  is  largest,  being  fuIly-12  centimeters  long 
and  about  55  centimeters  broad  at  base.  The 
lateral  lobes  were  apparently  about  10  centi- 
meters long  and  4,5  centimeters  broad  at  base. 
The  basal  lobes  are  too  fragmentary  to  give 
reliable  measiu*ements. 

It  is  with  some  hesitation  that  this  is  de- 
scribed as  new,  but  it  is  so  broken  that  it  is 
somewhat  hazardous  to  identify  it  positively 
with  any  described  species,  and  it  is  left  to  the 
future  to  secure  more  material  and  settle  its 
status.  It  is  undoubtedly  most  closely  related 
to  Aralia  notata  Lesquereux,*  from  the  Fort 
Union  and  Denver  formations,  from  wJiich  it 
differs  in  having  the  lobes  relatively  longer, 

» The  Tertiary  flora:  U.  8.  Geol.  Sun-ey  Terr.  Kept.,  vol.  7,  p.  237,  | 
pi.  39,  flgs.  2-4, 1878. 


lanceolate  and  acute,  and  the  n 
The  secondaries  are  also  fewer 
dromes  in  termination. 

This  species  is  also  similar  to 
has  described  under  the  nan 
nobUis '  from  the  Fort  Union 
which  is  thought  by  some  to  1 
Aralia  notata  Lesquereux.  Ac< 
quereux,  however,  there  are  ct 
separate  them.  The  form  undt 
differs  from  P,  nobilis  in  its  Ic 
narrowed  lobes  and  fewer  secon 

It  is  to  be  confessed  that  the 
does  not  differ  very  greatly  froi 
above-mentioned  forms  and  tl 
specimens  may  well  show  that  it 
or  the  other,  but  until  this  ca 
seems  best  to  keep  them  separai 

Occurrence:  Raton  formatic 
Riley  Canyon,  near  Cokedale,  ' 
by  W.  T.  Lee  (5700). 

Aralia?  serraCa  Knowlton, 

Plate  CVIII,  figure  4. 

Leaf  large,  coriaceous  in  te: 
wedge  shaped  at  base,  strongl 
and  three  lobed;  middle  lobe  si 
late,  lateral  lobes  large-lanceoh 
acute;  margin  entire  at  base, 
toothed,  the  teeth  very  sharp,  s 
pointing;  lateral  lobes  with  a 
secondaries  on  the  lower  side  of 
rib,  fewer  on  the  upper  side; 
middle  lobe  apparently  about 
somewhat  curving  upward;  nerv 
percurrent. 

This  species  is  represented  b} 
ample  figured.  It  is  considerat 
so  far  as  can  be  made  out  its  lei 
20  centimeters  and  its  width  a 
centimeters.  The  lateral  lobes 
to  9  centimeters  long  and  aboui 
wdde  at  base. 

It  is  with  hesitation  that  this 
new,  as  it  is  represented  by  a  s 
only  and  is  moreover  in  associ 
preceding  species  {A.  coloradensi 
it  seems  to  differ  in  being  wedge 
and  plainly  tliree  lobed  instead 
The  marginal  teeth  arc  also  mi 
the  present  form. 

«  Newberry,  J.  S.,  The  later  extinct  floras  of 
Geol.  Survey  Man.  35,  p.  106,  pi.  34, 1808. 
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Aralia  coloradensis  is  distinctly  aralioid  in 
appearance,  particularly  in  the  manner  of 
branching  of  the  lateral  ribs,  and  A,  serrata  is 
decidedly  more  platanoid.  It  is  more  wedge 
shaped  at  base,  lacks  the  branches  on  the 
lateral  ribs  and  has  large,  Platanus-iike  teeth. 
It  is  quite  possible  that  the  specimens  should 
be  referred  to  PlatanuSy  but  in  the  absence  of 
sufficient  material  to  determine  its  range  in 
variation  it  is  thought  best  to  retain  them 
under  Aralia. 

Occurrence:  Raton  formation  (Tertiary); 
Riley  Canyon,  near  Cokedale,  Colo.,  collected 
by  W.  T.  Lee  (5700);  Vermejo  Valley  near  the 
mouth  of  Salyers  Creek,  N.  Mex.  (5826). 

FamUy  COBNACEAE. 
Cornas  neomexicana  Knowiton,  n.  sp. 

Plate  CIX,  figure  1. 

Leaves  of  medium  size,  firm  in  textiu'e,  ellip- 
tical in  outline,  broadest  at  or  near  the  middle, 
thence  rounded  in  about  the  same  manner  to 
both  base  and  apex,  the  latter  in  particular 
being  obtuse;  midrib  very  strong,  especially 
below,  perfectly  straight;  secondaries  numerous 
(ten  or  eleven  pairs),  close,  parallel,  mainly 
alternate,  considerably  curved  upward,  the 
upper  pair  curving  in  and  joining  the  midrib; 
nerviUes  apparently  numerous,  close,  mainly 
unbroken  and  approximately  at  right  angles  to 
the  secondaries. 

This  species  is  represented  by  several  exam- 
ples, one  of  the  best  being  the  one  here  figured. 
It  is  a  Httlc  over  12  centimeters  long  and  7 
centimeters  wide.  Another  specimen  (not  fig- 
ured) was  probably  about  14  centimeters  long 
and  6.5  centimeters  wide  and  has  1.75  centi- 
meters of  the  petiole  preserved. 

The  moderate  size  of  these  leaves  combined 
with  the  regularly  elliptical  outUne,  obtuse 
apex,  inarched  upper  secondaries,  and  regular 
mainly  simple  ncrviUes  all  indicate  with  rela- 
tively Uttle  question  that  they  are  correctly 
referred  to  the  genus  Cornus. 

Among  fossil  species,  at  least  those  from  this 
country,  Cornus  neomexicana j  approaches  most 
closely  to  C,  impressa  Lesquereux^  from  the 
Denver  formation;  in  fact,  it  is  perhaps  doubt- 
ful if  they  should  be  held  distinct.  The  two 
are  of  exactly  the  same  shape  and  type  of 

1  The  Tertiary  flora:  U.  S.  Qeol.  Sorvey  Terr.  Rept.,  vol.  7,  p.  243, 
pi.  42,  fig.  3, 1878. 


secondary  nervation,  the  difference  being 
mainly  one  of  size.  Thus  C.  impressa  is  about 
7  centimeters  long  and  4.5  centimeters  broad, 
and  C.  neomexicana  is  12  to  14  centimeters  long 
and  6.5  to  7  centimeters  broad.  Cornus  neo- 
mexicana, however,  has  a  greater  number  of 
secondaries,  as  might  perhaps  be  expected 
from  its  larger  size.  Its  nervilles  are  slightly 
different,  being -nearly  at  right  angles  to  the 
secondaries  instead  of  markedly  oblique  to 
them,  as  in  (7.  impressa. 

Cornus  impressa  is  rather  rare.  It  was  de- 
scribed from  a  single  specimen  coming  from 
Mount  Bross,  Middle  Park,  Colo.  Another 
specimen  from  Golden  that  undoubtedly  be- 
longs to  it,  was  described  by  Ward  under  the 
name  of  C.  emmonsi,^  arid  an  additional  one 
was  foimd  in  the  later  collections  from  Golden. 

In  size  and  shape  this  species  is  much  like 
one  of  the  leaves  formerly  referred  to  Magnolia 
tenuinervis  Lesquereux  •  and  now  named  Mag- 
nolia? inquirenda  (p.  312),  which,  however, 
differs  from  it  in  having  fewer,  more  irregu- 
larly spaced,  and  often  forked  secondaries, 
none  of  which  curve  in  and  join  the  midrib,  as 
the  upper  ones  do  in  C.  impressa. 

Occurrence:  Raton  formation  (Tertiary); 
Vermejo  Valley  near  the  mouth  of  Salyers  Creek, 
N.  Mex.  (sec.  36,  T.  30  N.,  R.  19  E.),  collected 
by  W.  T.  Lee  (5826). 

Cornus  studeri?  Heer. 

Plate  CIX,  fijrure  2. 

Cornus  student  Ileer.  Lesquereux,   U.  S.  Geol.  Survey 
Terr.  Rept..  vol.  7  (Tertiary  flora),  p.  244,  pi.  42, 
figs.  1,  5.  1878. 
Berry,  U.  S.  Geol.  Survey  Prof.  Paper  91,  p.  331,  pi. 
68,'fig.  3,  191G. 

The  status  of  Cornus  studeri^  as  then  under- 
stood, was  fully  set  forth  by  me  in  1900.* 
Although  the  species  was  then  accepted  for 
both  the  Denver  formation  at  Golden,  Colo., 
and  for  the  Montana  group  at  Point  of  Rocks, 
Wyo.,  it  was  pointed  out  that  there  were  recog- 
nizable differences  between  them,  and  the 
opinion  was  expressed  that  ultimately  they 
should  probably  be  separated;  furthermore, 
their  reference  to  the  genus   Cornus  was  en- 

*  Ward,  L.  F.,  Sj-nopsis  of  the  flora  of  the  Laramie  group:  U.  S.  Oeol. 
Survey  Sixth  Ann.  Rept.,  p.  553,  pi.  48,  flg.  2,  1886. 

» The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pi.  45, 
flg.  5, 1878. 

«  Knowlton,  F.  H.,  Flora  of  the  MontaoaformatloQ:  U.S.  Oeol.  Survey 
BuU.  163,  p.  68, 1900. 
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larged  upon.  Material  examined  in  recent 
years  makes  it  more  than  probable  that  the 
leaves  from  the  two  localities  should  be  held 
as  distinct,  but  a  complete  revision  will  not  be 
attempted  at  this  time.  There  can  be  no 
doubt,  however,  that  the  specimen  in  hand  is 
identical  with  the  figure  of  Comus  studeri  given 
by  Lesquereux  from  Golden,  Colo.,  and  the 
question  of  its  identity  with  the  European 
types  is  left  for  future  work  when  the  Denver 
flora  comes  to  be  finally  revised.  The  possi- 
bility of  all  being  referred  tfo  Picas  is  also  to  be 
considered. 

Occurrence:  Denver  formatioh  (Tertiary); 
types,  Golden,  Colo;  Raton  formation  (Ter- 
tiary), 5  miles  al)ove  Aguilar,  Colo.,  collected 
by  G.  B.  Richardson's  party  (5046). 

Nyssa  lanceolata  Lesquereaz. 

Plate  CVIII,  figure  1;  Plate  CXIII,  figure  2. 

Nyssa  lanceolate  I.«Gsqucreux,  U.  S.  Geol.  Survey  Terr. 

Ann.  Kept.,  1872,  p.  407,  1873;   U.  S.  Geol.  Sur\ey 

Terr.  Rept.,  vol.  7  (Tertiar\'  flora),  p.  245,  pi.  35, 

fig.  6  [not  fig.  5],  1878. 

Knowlton,  U.  S.  Geol.  Survey  Hull.  105,  p.  56,  1890. 

The  type  locaUty  of  this  species  is  supposed  to 
have  been  *' Spring  Canyon,  Mont."  (  =  Meadow 
Creek,  12  miles  southeast  of  Bozeman,  Gal- 
latin County),  in  beds  presumed  to  belong  to 
the  Livingston  formation,  but  the  typo  speci- 
men is  lost  and  no  additional  material  has 
since  been  obtained  in  this  area.  The  species 
has  also  been  reported  from  the  Denver  forma- 
tion of  Golden,  Colo.,  and  specimens  in  the 
coUection  of  the  United  States  National  Mu- 
seum bear  out  the  report. 

The  first  specimen  referred  to  this  species 
(PL  CXIII,  fig.  2)  agrees  well  with  the  type 
figure  in  size,  shape,  and  general  character 
of  the  nervation  but  differs  from  it  in  the 
sUghtly  more  acute  divergence  of  its  lower 
secondaries.  The  other  specimen  (PI.  CVIII, 
fig.  1)  is  slightly  more  wedge  shaped  at  base 
but  does  not  markedly  differ  from  the  first. 

Occurrence:  Raton  formation  (Tertiary); 
canyon  west  of  Mayne,  Colo.,  about  300  feet 
above  the  base  of  the  Raton  formation,  col- 
lected by  W.  T.  Lee  (5683);  Purgatoire  Canyon 
at  mouth  of  Riley  Canyon,  Colo.,  collected  by 
W.  T.  Lee  (5704).  Livingston  formation? 
(Tertiary) ;  Spring  Canyon,  Mont. 


Nyssa?  racemosa  Knowlton. 

Sabaliies  fructifer  Lesquereux,  U.  S.  Geol.  Sui 
Rept.,  vol.  7  (Tertiary  flora),  p.  114,  pi. 
and  fruit  on  fig.  3, 1878. 

Nys»af  racemosa  Knowlton,  U.  S.  Geol.  Survey 
p.  153, 1898. 

Fruits  in  a  compound  raceme,  the  r 
axis  being  very  thick  and  strong;  in 
fruits  10  to  16  millimeters  long,  4  to 
meters  in  diameter,  erect,  short  pedicc 
long,  acute  at  both  ends  or  sometime 
what  rounded,  provided  with  probabl 
15  faint  longitudinal  striae  or  ribs  a 
numerous  delicate  transverse  striae. 

These  fruits  were  first  detected  by 
reux.  He  assumed,  because  they  wer 
on  the  same  piece  of  matrix  as  a  pa 
that  they  belonged  together.  The  tyj 
men  upon  which  this  determination  is 
fortunately  preserved  in  the  United 
National  Museum  under  the  name  of  t 
fructifer.  A  glance  at  it,  or  indeed  at  t 
executed  figure,  shows  at  once  that  tlu 
oi^anic  connection  between  them  but 
close  association.  The  name,  therefc 
retained  for  the  palm  and  the  fniits  give 
d(^ignation.  The  part  figured  by  Les 
consists  of  the  upper  portion  of  a  racei 
three  characteristic  fruits  attached. 

The  single  detached  fruit  described 
quereux  as  Carpites  oviformis  ^  from  the 
formation  at  Golden,  Colo.,  may  poss 
long  to  this  species,  but  as  the  evidenc 
conclusive  it  is  retained  as  indicated 
describer. 

It  is  with  much  imcertainty  and  rese] 
these  fruits  and  those  from  near  Ra 
referred  to  the  genus  Nyssa,  for  this,  of 
implies  a  more  or  less  close  relationshi] 
living  Nyssa,  and  it  has  been  done  ua 
account  of  their  undoubted  resembli 
certain  fossil  fruits  that  have  been  s< 
nated.  I  have  sought  long  and  widely 
living  plants  for  evidences  of  close 
but  having  failed  I  have  been  forced 
them  to  the  fossil  fonns  which  they  i 
semble,  hoping  that  in  the  future  somec 
be  able  to  interpret  them  more  correc 

The  fossil  species  with  which  they  i 
sibly  related  is  Nyssa  arctica  Heer,*  fi 

»  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  v< 
fig.  6a,  1S7M. 
>  Flora  fossiiis  arctica,  vol.  4,  p.  80,  pi.  19,  figs.  1-10, 1877. 
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Miocene  or  Eocene  of  Cape  Lyell,  Spitzbergen, 
which  differs  from  them  in  being  much  larger 
(17  to  21  milUmeters  long  and  8  to  11  milU- 
meters  wide)  and  in  having  more  numerous 
and  much  more  prominent  longitudinal  striae 
or  ribs;  the  transverse  striae  are  of  about  the 
same  character  in  both.  There  is  no  evidence 
that  N,  arctica  had  the  fruits  arranged  in  a 
compound  raceme  although  several  are  figured 
as  having  two  fruits  sessile  on  the  top  of  a 
short  pedicel,  much  as  in  the  modern  Nyssa. 
Some  of  £he  elongated  fruits  of  Nyssidium 
ekmani  Heer  *  from  Cape  Staratschin,  Spitz- 
bergen, are  also  similar  to  N,  racemosa^  from 
which  they  differ  mainly  in  being  smaller  and 
apparently  without  transverse  striae.  A  num- 
ber of  other  fruits  are  described  by  Heer  from 
the  same  locality  under  the  name  of  Nys&idium, 
but  though  all  of  these  resemble  in  a  general 
way  the  fruits  of  Nyssa?  racemosa  none  of  them 
resemble  it  very  closely. 

The  fruits  of  the  living  species  of  Nyssa,  it 
must  be  confessed,  are  considerably  unhke  the 
fossil  forms  and  probably  are  not  closely  re- 
lated to  them.  However,  as  stated  above,  the 
specimens  have  only  provisionally  been  placed 
in  this  genus. 

The  fruits  from  near  Raton  agree  with  the 
type  specimens  perfectly  in  general  character 
and  appearance  but  are  slightly  smaDer  than 
most  specimens  from  the  type  locaUty  though 
not  smaller  than  a  few  of  them.  One  of  these 
Raton  specimens  is  covered  with  a  coaly  layer 
about  2  millimeters  thick,  thus  apparently 
showing  that  a  thick  flesh  covered  the  hard 
*' stone."  The  transverse  lines  show  very 
plainly  under  the  coaly  layer. 

Occurrence:  Denver  formation  (Tertiary); 
type,  Golden,  Colo.  Raton  formation  (Ter- 
tiary; near  No.  5  mine,  locaUty  85  near 
Yankee,  N.  Mex.,  collected  by  W.  T.  Lee  (5137). 
Black  Buttes  coal  group  (regarded  by  the 
author  as  of  post-Laraniie  age) ;  Black  Buttes, 
Wyo. 

Order  EBICALES. 

Family  EBICACEAE. 
Andromeda?  lanceolata  Knowlton,  n.  sp. 

Plate  (^IX,  fiprure  3;  Plate  CX,  figure  1. 

Leaves  narrowly  lanceolate,  or  almost  linear- 
lanceolate,  taperLrig  from  or  above  the  middle 

» Idem,  vol.  2,  p.  62,  pi.  15,  figs.  1-7. 


to  the  very  long  narrowly  wedge-shaped  base, 
and  above  to  the  acuminate  apex;  margin  per- 
fectly entire;  petiole  exceedingly  stout;  midrib 
remarkably  thick  below  but  becoming  in  the 
upper  half  of  the  leaf  very  much  thinner ;  sec- 
ondaries about  eight  or  nine  pairs,  alternate, 
at  an  acute  angle,  running  up  for  long  distances 
nearly  straight,  then  slightly  curved  upward 
and  camptodrome;  finer  nervation  not  ob- 
served. 

This  fine  species  is  represented  by  several 
specimens  of  which  two  representing  the  ex- 
tremes in  size  are  figured.  Of  these  the  larger 
is  20  centimeters  m  length  and  4  centimeters  in 
width  at  a  point  a  Uttle  above  the  middle ;  the 
smaller  is  about  16  centimeters  long  and- little 
less  than  3  centimeters  wide  near  the  middle. 
The  petiole  was  apparently  very  short  and  thick 
and  passes  without  diminution  of  size  into  the 
blade,  where  it  continues  for  nearly  half  the 
length  of  the  blade  as  one  of  the  most  extra- 
ordinarily thickened  midribs  observed  in  so 
narrow  a  leaf. 

Although  there  may  perhaps  be  a  question 
as  to  the  advisabihty  of  referring  these  leaves 
to  the  genus  Andromedu,  there  can  be  no  rea- 
sonable doubt,  I  think,  as  to  their  being  con- 
generic with  certain  similar  leaves  that  have 
been  so  referred.  Thus,  what  Lesquereux '  has 
identified  as  Andromeda  pfajffiana  Heer,  from 
the  Dakota  sandstone  of  Kansas,  is  wholly 
similar  to  A.  lancneolata  in  general  appearance, 
though  it  differs  in  size  and  to  a  lesser  degree 
in  shape.  Similarly,  Andromeda  jlexuosa  New- 
berry,^ from  the  Raritan  formation  of  New  Jer- 
sey,  is  of  the  same  general  type  but  differs  in 
several  minor  particulars. 

Occurrence:  Raton  formation  (Tertiary); 
dump  from  the  Turner  mine,  1  ^  miles  north  of 
Wootton,  Colo.,  collected  by  W.  T.  Lee  (5714). 

Andromeda  scripta  Knowlton,  n.  sp. 

Plate  CXII,  figures  1,  2. 

Leaves  apparently  rather  thick,  ovate  in  gen- 
eral outline,  rather  abruptly  rounded  at  base, 
acummate  at  apex;  margin  perfectly  entire; 
petiole  short,  slender;  midrib  slender,  straight; 
secondaries  from  six  to  eight  or  nine  pairs, 
alternate,  slender,  at  an  angle  of  about  45°, 

«  Lesquereux,  Leo,  The  flora  of  the  Dakota  group:  U.  S.  Geol.  Survey 
Mon.  17,  p.  ne,  pL  18,  flgs.  7.  8,  1892. 

»  Newberry,  J.  S.,  The  flora  of  the  Amboy  cla3rs:  t'.  S.  Geol.  Survey 
Mon.  26,  p.  121.  pi.  34,  figs.  1,  5, 18d5. 
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little  curved  upward,  camptodrome;  nervilles 
few,  at  right  angles  to  the  secondaries. 

The  two  httle  leaves  figured  appear  to  belong 
to  the  same  species.  The  smaller  is  about  7 
centimeters  long  and  3  centimeters  wide,  and 
the  larger  about  9  centimeters  long  and  nearly 
4  centimeters  wide.  They  are  fairly  well  shown 
in  the  figures. 

Occurrence:  Raton  formation  (Tertiary); 
(fig.  1)  1  mile  southwest  of  Rugby,  Colo.,  52 
feet  above  mine  at  Wichita,  170- feet  above 
Trinidad  sandstone,  collected  by  G.  B.  Rich- 
ardson's party  (5128) ;  (fig.  2)  one-eighth  mile 
northeast  of  Rockland  mine,  locaUty  120,  north 
side  of  Cucharas  Canyon,  near  Walsenburg, 
Colo.,  collected  by  W.  T.  Lee  (5679). 

Order  OENTIANALES. 
FftmUy  OLEACSAE. 

Chionanthus  membranaceus  Knowtton,  n.  sp. 

Plate  CVIII,  figure  2. 

Leaf  membranaceous  in  texture,  broadly 
ovate-lanceolate,  obtusely  wedge  shaped  at  base 
(apex  broken);  margin  entire,  slightly  imdu- 
late;  petiole  short,  stout,  midrib  straight^  strong 
below,  becoming  thm  above;  secondaries  thin, 
about  six  pairs,  alternate,  at  a  low  angle,  camp- 
todrome, curving  near  the  borders;  finer  nerva- 
tion not  retained. 

The  single  leaf  figure  is  all  that  was  observed 
of  this  species,  and  this  lacks  the  apex  and  much 
of  one  side.  It  was  about  12  centimeters  in 
length  and  6  centimeters  in  width,  with  a  petiole 
a  httle  over  1  centimeter  in  length. 

This  species  appears  to  be  rather  closely  re- 
lated to  Chionanthus  virginums  Linn6,  the  com- 
mon fringe  tree  of  eastern  North  America,  its 
small  leaves  having  much  the  same  shape  and 
its  primary  nervation  well  agreeing.  It  also 
suggests  certain  species  of  DiospyroSj  such  for 
instance  as  D,  copeana  Lesquereux,^  from  Elko 
station,  Nev.,  which,  however,  is  smaller,  more 
nearly  obovate  in  shape,  and  has  a  greater 
nxunber  of  secondaries. 

Occurrence:  Raton  formation  (Tertiary); 
dimip  of  Green  Canyon  mine,  locahty  119,  near 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

1  The  Tertiary  flora:  U.  S.  Geol.  Survey  Terr.  Rept.,  vol.  7,  pi.  40,  flg. 
11, 1S78. 


TamUy  APOCTKACEAB. 
ApocjmophyDam  lesquereoxii  Ettinsshaui 

Qxurcus  neriifolia  Alexander  Braun.  Leequere 
Geol.  and  Geog.  Survey  Terr.  Ann.  Re 
p.  413,  1874;  U.  S.  Geol.  Survey  Terr.  Re 
(Tertiary  flora),  p.  150,  pi.  19,  fig.  5,  1878. 

Apocynophyllnm  lesqiiereuxii  Ettingshausen,  ] 
WiflB.  Wien  Denkschr.,  vol.  47,  p.  32,  1 
tiary  flora  of  Australia:  Geol.  Survey  N' 
Wales  Mem.,  Paleontolog>',  No.  2,  p.  51,  1 

The  original  of  Lesquereux's  figure 
Fishers  Peak,  Raton  Mountains)  is  prevS( 
the  United  States  National  Museum  (]S 
It  is  a  mere  fragment  as  figured,  but  by 
uncovering  the  specimen  nearly  the  C' 
apex  was  brought  to  light.  It  is  n 
lanceolate,  being  broadest  above  the 
and  tapering  thence  to  the  base  and 
apparently  acuminate  apex.  It  is  al 
centimeters  long  and  a  little  over  3  cent 
wide.  It  has  an  extremely  thick  mid 
beyond  that  its  nervation  is  very  obsci 
Lesquereux's  figure  the  secondaries  arc 
as  numerous,  close,  parallel,  and  at  a  loi 
and  this  is  probably  correct,  though  I 
able  fully  to  confirm  this  feature.  1 
ondaries  are  extremely  thin  and  delict 

It  is  of  course  evident  to  any  one 
would  be  extremely  hazardous  to  ideni 
fragment,  particularly  with  the  wel] 
European  Quercus  neriifolia;  and,  as  ] 
hausen  long  ago  pointed  out,  it  appeal 
much  more  probably  referable  to  Apocy 
him  than  to  Quercus;  hence  Ettingsl 
name  is  employed. 

Occurrence:  Raton  formation?  (Te 
Fishers  Peak,  Raton  Mountains,  Col 
lected  by  Leo  Lesquereux  about  187: 
man's  ranch,  12  miles  east  of  Raton,  I^ 
near  locality  92,  collected  by  W.  T.  Lee 

Apocynophyllnm  wilcoxensis  Berry. 

Plate  cm,  figuqe  3;  Plate  CV,  figures  1,  2;  PI 

figure  1. 

Apocynophyllnm  uilcoxensis  Berry,  U.  S.  Geo 
Prof.  Paper  91,  p.  342,  pi.  103,  figs.  2,  3;  pi. : 
191(;. 

Ijeaves    thick    and    coriaceous    in 
narrowly  lanceolate  in  shape,  more  or 
equal  sided  and  slightly  falcate,  broads 
the  middle,   thence  tapering  upward 
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long  slender  apex  and  downward  to  the  long, 
narrowly  wedge-shaped  base;  midrib  very 
strong,  especially  below,  straight;  secondary 
nervation  thin,  deUcate,  more  or  less  uneven, 
consisting  of  numerous,  rather  close,  parallel 
secondaries  which  emerge  at  an  angle  of  about 
20°  and  nm  nearly  straight  almost  to  the  mar- 
gin, each  joining  the  one  next  above,  thus  pro- 
ducing a  somewhat  irregular  intermarginal 
"stitch." 

This  species  is  represented  by  numerous 
specimens,  several  of  the  best  of  which  have 
been  figured.  All  the  leaves  are  long,  narrowly 
lanceolate,  commonly  more  or  less  unequal 
sided,  and  all  or  nearly  all  are  obviously  fal- 
cate. The  length  ranges  between  16  and  20 
centimeters,  with  a  few  reaching  perhaps  23 
centimeters.  The  width  at  the  broadest  point 
is  between  2.5  and  3.75  centimeters.  The 
difference  in  the  width  of  the  laminae  on  oppo- 
site sides  of  the  midrib  is  clearly  shown  in 
several  of  the  figures.  The  nervation,  with 
the  exception  of  the  strong  midrib,  is  obscure, 
and  has  been  made  out  in  only  a  few  favorable 
places.  In  fact,  it  is  so  obscure  that  the  pho- 
tographic process  employed  faUed  to  repro- 
duce it,  except  very  faintly.  In  certain  of  the 
figures  enough  of  this  has  been  added  to  show 
its  character,  though  the  penciled  lines  are  of 
necessity  somewhat  stronger  than  the  actuality 
on  the  specimens.  •  In  some  of  the  larger  leaves, 
that  seem  at  first  sight  to  be  quite  destitute  of 
nervation,  the  presence  of  a  few  secondary 
branches  from  the  midrib  can  usually  be 
detected. 

Although  the  intramarginal  vein,  held  to  be 
characteristic  of  most  living  leaves  of  Euca- 
lyptus^ is  rather  obscure  in  the  leaves  under 
consideration,   it   is   present   in   effect,  being 
formed  by  the  arching  of  the  numerous  close 
parallel  secondaries  some  distance  inside  the 
margin.     In  general  facics  these  leaves  strongly  ' 
suggest  the  genus  Eucalyptus,  being  obviously  j 
coriaceous    in    texture,    narrowly    lanceolate, 
unequal  sided,  and  more  or  less  strongly  fal-  ; 
cate,  all  characters  that  are  present  in  living  | 
species  of  this  genus. 

Occurrence:  Raton  formation  (Tertiary); 
(PI.  cm,  fig.  3;  PI.  CV,  fig.  2);  dump  of  mine 
at  Primero,  Colo.,  collected  by  W.  T.  Lee 
(5798);  (PI.  CVII,  fig.  1)  RUey  Canyon,  near 
CokedaJe,  Colo.,  collected  by  W.  T.  Lee  (5701); 
(PI.  CV,  fig.  1),  Powell  Arroyo,  5  miles  north  of 


Trinidad,  Colo.,  collected  by  J.  B.  Mertie  for 
G.  B.  Richardson  (5111).  Wilcox  formation 
(Tertiary),  Oxfprd,  Miss.,  Puryear,  Tenn.,  and 
Naborton,  La. 

ApocsmophyUum  linifolium  Knowlton,  lu  sp. 

Plate  CIV,  figure  3. 

Similar  to  the  last  but  larger,  being  fully  24 
centimeters  in  length  and  2.5  centimeters  in 
width;  very  narrowly  ovate-lanceolate,  broad- 
est below  the  middle,  thence  rather  abruptly 
narrowed  to  the  base  and  upward  to  the 
aciuninate  apex;  not  obviously  imequal  sided 
or  falcate.  The  midrib,  though  strong,  is  not 
so  thick  as  that  of  the  smaller  leaves  of  A. 
leeij  but  the  secondaries  are  rather  stronger  and 
sUghtly  farther  apart.  However,  these  differ- 
ences are  not  great  and  a  full  series  of  specimens 
might  well  demonstrate  that  only  a  single 
species  is  represented. 

Occmrence:  Raton  formation  (Tertiary); 
dump  of  Green  Canyon  mme,  locahty  119, 
Aguilar,  Colo.,  collected  by  W.  T.  Lee  (5684). 

Order  BUBIALES. 

FamUy  CAPRIFOLIACEAE. 

Viburnam  contortum  Lesquereux. 

Plate  CVIII,  figure  3. 

Vtbumum  contortum  Lesquereux,  U.   S.   Geol.   Survey 

Terr.  Ann.  Kept.,  1872,  p.  396,  1873. 
Vihumum  marginatum  Lesquereux,  U.  S.  Geol   Survey 

Terr.  Kept.,  voL  7  (Tertiary  flora),  p.  223,  pL  38, 

^g.  2  (not  fig.  3),  1878. 

Vihumum  contortum  was  described  origi- 
nally from  Black  Buttes,  Wyo.,  where  it  was 
found  in  association  with  such  wcU-known 
forms  as  Picas  planicostata  and  Ficus  laiifoliu. 
At  the  time  it  was  fomided  Lesquereux  stated 
that  it  might  perhaps  be  considered  as  nearly 
a  variety  of  Viburnum  marginatum  ( =  Plcbtanus 
marginaia);  and  in  *'The  Tertiary  flora''  he 
so  considered  it  and  merged  the  name  of  F. 
contortum  in  marginatum  and  placed  two  speci- 
mens figured  (the  types  of  contortum)  imder 
that  name.  Tliis  disposition  by  Lesquereux 
has  been  accepted  mitil  the  present  time, 
though  all  who  have  compared  the  figures  given 
imder  Viburnum  marginatum  could  hardly  have 
failed  to  note  the  marked  difference  between 
them,  particularly  in  shape,  the  one  being 
broadly  obovate  with  a  truncate  or  roimded 
apex  and  the  other  with  an  aciuninate  apex. 
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If  leaves  of  the  coniortum  type  were  only  found 
in  direct  association  with  the  marginatum  type, 
it  might  perhaps  be  permissible  to  allow  them 
to  remain  together,  but  where  leaves  that  are 
obviously  of  the  type  of  contortum  are  found  at 
widely  distant  points  where  they  are  not  asso- 
ciated with  the  m^arginatum  tjrpe,  it  seems  best 
to  regard  them  as  specifically  distinct. 

The  leaf  here  referred  to  V.  contortumy  it 
will  be  observed,  is  almost  exactly  similar  to 
Lesquereux^s  figure  2,  the  only  diflference  being 
its  fewer,  rather  larger,  teeth. 

Occurrence:  Raton  formation  (Tertiary); 
one-eighth  mile  northeast  of  Rockland  mine, 
locahty  120,  north  side  of  Cucharas  Canyon, 
Colo.,  collected  by  W.  T.  Lee  (5679). 

Yibiirnum  speciosum  Knowlton,  n.  sp. 

Plate  CXI,  figures  1-5. 

Leaves  of  medium  size  for  the  genus,  of  firm 
texture,  lanceolate-ovate  to  ovate  or  very 
slightly  obovate,  wedge  shaped  at  base,  simi- 
larly narrowed  to  an  acuminate  apex;  petiole 
slender;  margin  entire  at  base  and  for  one-third 
or  more  above,  then  coarsely  few  toothed,  the 
teeth  sharp  and  upward  pointing;  midrib 
strong,  straight;  secondaries  five  pairs,  strong, 
alternate,  at  an  acute  angle,  craspedodrome, 
ending  in  the  large  teeth;  finer  nervation  not 
retained. 

This  species  is  represented  by  a  dozen  or 
more  specimens,  five  of  which  are  here  figured. 
They  are  8  to  10  centimeters  in  length  and  from 
3  to  4.5  centimeters  in  width;  two  of  them  have 
the  petiole  preserved  for  1  centimeter  or  a 
Uttle  more. 

This  species  appears  to  be  very  closely 
related  to  Viburnum  contortum  Lesqucreux  * 
from  Black  Buttes,  Wyo.,  in  beds  regarded  by 
the  author  as  post-Laramie  in  age,  but  it  differs 
in  having  unbranched  secondaries  and  much 
fewer  and  larger  marginal  teeth. 

It  is  also  similar  to  a  leaf  which  has  been 
identified  (p.  276)  as  Viburnum  (?)  prohlema- 
ticum  Knowlton,  from  the  lower  beds  at  Rock- 
vale,  Colo.,  but  which  is  more  deltoid  in  shape 
and  has  numerous  small  marginal  teeth. 

Occurrence:  Raton  formation  (Tertiary); 
Riley  Canyon,  near  Cokedale,  Colo.,  collected 
by  W.T.Lee  (5701). 

>  The  Tertiary  flora:  U.  8.  Oeol.  Survey  Terr.  Kept.,  vol.  7,  pi.  38,  figs. 
2,3,1878. 


Vlbumiuii  magnum  Knowtton,  n*  sp. 

Plate  CX,  figiire  2. 

Leaf  coriaceous  in  texture,  broadly  '. 
late  m  shape,  abruptly  narrowed  below, 
ently  acuminate  at  apex;  margin  dentat 
above  the  base,  the  teeth  rather  large,  ( 
midrib  straight,  strong;  secondaries  se 
eight  pairs,  alternate,  at  an  acute  ai 
divergence,  occasionally  forked,  especia 
low,  craspedodrome,  all  secondaries  am 
branches  entering  the  teeth;  nervilles  o 
apparently  perciurent  and  at  right  auj 
the  secondaries. 

The  specimen  figured  is  about  15  centi 
in  length  and  5  centimeters  in  width, 
well  shown  in  the  figure.  It  is  of  the  1 
several  of  the  Fort  Union  species,  stj 
instance  as  Viburnum  n^wberryanum 
However,  it  is  much  larger  than  some 
largest  leaves  of  this  species,  narrower 
provided  with  coarser  teeth,  and  its  seco] 
are  fewer  and  somewhat  less  branched. 

Occurrence:  Raton  formation  (Tei 
Wootton,  Colo.,  50  to  100  feet  below  the 
ton  coal,  collected  by  W.  T.  Lee  (5711) 
eighth  mile  northeast  of  Rockland  mi 
cality  120,  north  side  of  Cucharas  Canyo 
WaLsenburg,  Colo.,  collected  by  W.  ' 
(5679). 

yibumum  woottonianum  Knowlton,  n.  s] 

Plate  CXT,  figure  6. 

Leaf  coriaceous  in  texture,  oblong  in  c 
about  equally  rounded  at  both  base  an( 
margin  entire  for  lower  half  or  more 
coarsely,  sharply  toothed;  midrib  very 
straight;  secondaries  six  or  seven  pairs 
nate,  at  an  acute  angle  of  divergence, 
in  the  large  teeth;  nervilles  numerous 
pariUlel,  at  right  angles  to  the  secondari 

This  well-marked  species  is  represen 
two  nearly  perfect  specimens,  the  smj 
which  is  figured,  and  by  a  few  more  fr; 
tary  specimens.  Tlie  figured  leaf  is 
regularly  oblong  in  shape,  6.5  centimete 
and  a  httle  more  than  3  centimeters  wi< 
unfigured  specimen  is  about  9  centimetc 
and  5  centimeters  wide,  with  a  petiole  1 
timeters  long.     The  species  is  peculiar 

s  Ward,  L.  F.,  Synopsis  of  the  flora  of  the  I.Aramie  group: 
Survey  Sixth  Aon.  Rept.,  p.  557,  pi.  44,  figs.  10-12,  pi.  45,  figs. 
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its  secondaries  are  at  an  acute  angle  and  reach 
the  margin  at  or  above  the  middle  of  the  leaf, 
at  which  point  the  marginal  teeth  begin.  In 
this  featm-e  this  species  resembles  Viburnum 
cuneaium  Newberry  ^  from  the  Fort  Union 
formation  of  Tongue  River,  Mont.,  but  the 
latter  differs  in  being,  as  the  name  indicates, 
markedly  wedge  shaped  at  base;  otherwise  the 
two  are  quite  similar. 

Occurrence:  Raton  formation  (Tertiary); 
dump  of  Turner  mine,  1^  miles  north  of  Woot- 
ton,  Colo.,  collected  by  W.  T.  Lee  (5714). 

Viburnum  lakesii  Lesquereux. 

Plate  CX,  figures  3,  4. 

Viburnum  laJcesii  Lesquereux,  U.  S.  GeoL  Survey  Terr. 
Ann.  Kept.,  1872,  ppr  382,  401,  1873;  U.  S.  Geol. 
and  Geog.  Survey  Terr.  Ann.  Kept.,  1876,  p.  511, 
1878;  U.  S.  Geol!  Surv^ey  Terr.  Kept.,  vol.  7  (Ter- 
tiary flora),  p.  226,  pi.  37,  fig.  13,  1878. 
Dawson,  Roy.  Soc.  Canada  Trans.,  1883,  pi.  4,  p.  32. 

« 

Leaf  medium  sized,  coriaceous,  roimded, 
broadly  obovate  in  shape,  distinctly  trilobate, 
round-trimcate  to  the  petiole,  lobes  deltoid, 
central  one  slightly  larger  than  the  lateral  ones; 
margin  nearly  or  quite  entire  below,  finely 
toothed  above;  nervation  strong,  palmately 
three  ribbed  from  the  base  of  the  blade,  mid- 
rib strong,  straight,  with  three  or  four  pairs  of 
alternate  or  subopposite  secondaries,  some  of 
which  fork  above  and  end  in  the  marginal 
teeth;  lateral  ribs  at  an  angle  of  about  45° 
ending  in  the  lateral  lobes,  with  about  five 
strong  secondary  branches  on  the  outside,  the 
lowest  with  several  Tertiary  branches,  all  cras- 
pedodrome;  nervilles  numerous,  distinct,  both 
broken  and  unbroken. 

The  type  of  this  species  is  preserved  in  the 
United  States  National  Museum  (No.  319). 
As  shown  in  Lesquereux's  figure  only  its  lower 
portion  is  preserved,  but  in  even  tliis  fragment 
the  character  of  tlie  nervation  and  the  pres- 
ence of  a  rounded  sinus  in  the  upper  part  indi- 
cates that  it  is  trilobate.  Fortunately,  another 
specimen,  found  in  reoont  collections  from  the 
type  locahty,  has  the  upper  portion  preserved 
and  proves  it  to  bq  distinctly  trilobate.  It  also 
appears  tliat  tlie  upper  ]X)rtion  is  provided 
with  small,  sharp,  upward-pointing  teeth  as 
described  and  figured  for  the  lower  portion. 
The  secondaries  are  frequently  diohotomous  in 

'N'ewberry,  J.  S.,  The  later  extinct  floras  of  North  America:  U.  8. 
Geol.  Survey  Mon.  35,  p.  130,  pi.  57,  fig.  2, 1898. 


the  upper  portions,  the  branches  entering  the 
marginal  teeth,  as  is  normal  in  Viburnum. 

•The  species  appears  to  be  closely  related  to 
the  living  Viburnum  acerijolium  Linnfi,  of 
eastern  North  America,  especially  some  of  the 
less  strongly  lobed  forms.  The  living  leaf 
differs,  however,  in  being  generally  broader 
with  more  prominent  lobes,  larger  teeth,  and 
less  oblique  nervation.  The  finer  nervation  is 
the  same  in  eacii. 

Viburnum  lakesii  was  thought  by  Lesque- 
reux to  be  somewhat  closely  aUied  to  his  V. 
phtanoides  (now  referred  to  Platanus),  but  it 
differs  essentially  from  this  in  its  distinctly 
trilobate  form,  coriaceous  substance,  and  up- 
ward-pointing teeth.  It  is  undoubtedly  best 
retained  in  Viburnum. 

An  undescribed  species  from  the  Livingston 
formation  of  Montana  is  also  closely  related  to 
the  present  species.  The  specimen  here  figured 
from  Morley,  Colo.,  is  absolutely  identical  with 
the  type  and  with  the  specimens  from  Golden, 
It  shows  the  shghtly  trilobate  upper  portion 
perfectly. 

Occurrence:  Denver  formation  (Tertiary); 
type.  South  Table  Mountain,  Golden,  Colo. 
Raton  formation  (Tertiary) ;  Morley,  Colo., 
collected  by  Orestes  St.  John  (No.  346),  1897. 

INCEBTAE  SEDIS. 
Palaeoaster  inquirenda  Knowiton»  n.  gen.  and  n.  sp. 

This  species  also  occurs  in  the  Vermejo  for- 
mation.    (See  p.  278.) 

Occurrence:  Raton  formation  (Tertiary); 
Bowen  mine,  locaUty  109,  north  of  Trinidad, 
Colo.,  near  base  of  Raton  formation,  collected 
by  W.  T.  Lee  (5794).  Vermejo  formation  (Cre- 
taceous) . 

Carpites  coffeaeformis  Lesquereux. 

Carpitcs  coffeaffortnis  Lesquereux.  U.  S.  Geol.  Survey  Terr. 
Kepi.,  vol.  7  (Tertiary  llora),  p.  30H,  vol.  60,  figs. 
6,  7,  1878. 

In  one  of  the  collections  from  Brilliant  there 
are  sevend  oval,  pecidiarly  grooved  fruits  that 
are  not  to  be  distinguished  from  Lesquereux's 
species,  described  originally  from  the  Denver 
formation  at  Golden,  Colo.  They  are,  if  any- 
thing, slightly  larger,  and,  as  Lesquereux  stated, 
they  very  much  resemble  the  thick,  centrally 
grooved  fruits  of  the  coffee  tree,  though  it  is 
of  course  not  to  be  presumed  that  this  resem- 
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bianco  is  really  a  mark  of  kinship.  Their  true 
affinity  is^  and  of  oonrse  probably  must  remain, 
Tinknown. 

Occurrence:  Denver  formation  (Tertiary); 
types,  Grolden,  Colo.  Raton  formation  (Terti- 
ary); half  a  mile  north  of  BrilUant,  N.  Mex., 
collected  by  W.  T.  Lee  (5154)  on  same  stone 
with  many  leaves  of  Magnolia  ma^ifolia. 

Carpolithes  spinosus  Newberry. 

CarpolUhtis  8pino8U8  NeA'berry,  U.  S.  Nat.  Miis.  Proc.,  vol. 

11,  p.  514,  1S88. 
Carpolithes  sjnnosus  Newberry,  U.  S.  Geol.  Survey  Mon. 

35,  p.  138,  pi.  68,  fipfl.2,  ^,  1S9S. 

Following  is  Newberry's  original  description : 

Fruit  inclosed  in  an  exorarp  composed  of  three  elliptical 
or  lentiform  s^ments,  furrowed  along  the  middle  line  of 
the  dorsum  and  bristling  with  erect,  acute  spines  6  to  8 
millimeters  long;  peduncle  cylindrical,  strong,  1  inch  or 

more  in  length. 

• 

The  type  and  only  known  specimen  of  this 
cmious  fruit  is  preserved  in  a  fossil-plant  col- 
lection deposited  in  the  New  York  Botanical 
Garden.  It  was  collected  July  31,  1878,  on 
the  north  branch  of  Purgatoire  River,  Colo, 
(stated  by  Newberry  to  be  in  New  Mexico),  by 
I.  C.  Russell  while  engaged  in  explorations  west 
of  the  100th  meridian.  It  bears  a  printed 
number,  (3861),  which  is  probably  the  serial 
number  of  the  collection  of  this  Survej\ 

In  the  description  Newberry  states  that  the 
fruit  is  "composed  of  three  elliptical  or  lenti- 
form segments/'  but  a  careful  study  of  the 


type  leads  me  to  believe  that  there  we 
four  segments,  and,  as  Hollick  sugg< 
ably  five.  No  affinity  has  been  sug 
the  anomalous  plant. 

Occurrence:  Raton  formation?  (1 
North  Branch  of  Purgatoire  River, 
lected  by  I.  C.  Russell,  1878. 

Phyliites  retusoides  Knowlton,  n. 

Plate  CII,  figure  5. 

Outline  of  leaf  unknown,  apical  poi 
cate,  strongly  retuse;  margin  perfec 
nervation  thin,  consisting  of  a  straig 
and  at  least  four  pairs  of  camptodror 
aries,  the  two  upper  pairs  being  mu 
around  and  nearly  or  quite  joining 
the  midrib. 

Unfortunately  this  leaf  is  so  f ragme 
it  can  not  be  satisfactorily  characi 
least  as  regards  size  and  general  on 
indeed  it  would  hardly  have  been  no 
mention  it  at  all  were  it  not  for  tli 
configuration  of  its  apex.  It  may  bt 
that  the  apical  portion  has  been  dei 
injury  when  young,  but  it  is  so  regul 
secondaries  arc  arched  in  such  an  t 
normal  manner  that  it  is  described  a 
for  what  it  is  worth.  If  it  proves  to 
it  will  make  an  excellent  horizon  mai 

Occurrence:  Raton  formation  ( 
railway  about  one-half  mile  north  of 
Colo.;  50  to  100  feet  below  the  Woe 
collected  by  W.  T.  Lee  (5711). 
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PLATE  XXX. 

Pag«. 

FiQUBES  1,  2.  Asplenxum?  coloradense  Knowlton.  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34453,  34554) 245 

3.  Pterisf  ap.  (U.  S.  Nat.  Mua.  catalogue  No.  34455) 245 

4.  Aspleniumf  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  51255) 246 

5.  Anemia  supercretacea  Hollick  (U.  S.  Nat.  Mus.  catalogue  No.  34457) 248 

6.  Osmundaf  hollicki  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34458) 246 

7  Sequoia  obovata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34456; 250 
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PLATE  XXXT. 

Figures  1-3.  Oeinitzia/ormosa  Heer  (U.  S.  Nat.  Mus.  catalogue  New.  34459,  34460,  34461) 

4.  Brachypkyllum  cf.  B,  macroixarpum  Newberry  (U.  8.  Nat.  Mus.  catalogue  No.  34462; 
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Page. 

Figures  1,2.  Taxodiumf  sp.  (U.  S.  Nat.  Mu8.  catalogue  Nos.  34463,  34464) 252 

3.  Sabal  montana  Knowlton,  n.  8p.  (U.  S.  Nat.  Mus.  catalogue  No.  34465) 253 

4, 5.  Wtddringtonia?  cainplanata  T.esquereux  (U.  S.  Nat.  Mus.  catalogue  Nos.  34466,  34467) 252 

6.  Sparganium  t  Knowlton,  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34468) 253 
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Cupressinoxylon  coloradense  Knowlton,  n.  sp.: 

Figure  1 .  Transverse,  X  60,  fossil  locality  6706 

2.  Radial,  X  60,  fossil  locality  5706 

3.  Tangential,  X  60,  fossil  locality  5706 

4.  Tangential,  X  60,  fossil  locality  5784 : 

a55 


PLATE  XXXIV. 

Cupressinoxylon  colorademe  Knowlton,  n.  sp.:  Pac;e. 

Figure  1.  Radial,  X  60,  fossil  locality  5784 .• 252 

Cupressinoxylon f  vennejoense  Knowlton,  n.  sp.: 

Figure  2.  Transverse,  X  GO,  fossillocality  5790 253 

3.  Tangential,  X  60,- fotjail  locality  5790 253 
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PLATE  XXXV. 

Cupressinoxulon  coloradense  Knowlton,  n.  sp.: 

Figure  1.  Radial,  X  320,  fossil  locality  5706 

2.  Transverse,  X  320,  fossil  locality  5706 

3.  Tans:ential,  X  320,  fossil  locality  5706 

4.  Radial  showing  resin  cell  and  pitted  tracheid,  X  320,  fossil  locality  5784. 

5.  Tangential,  X  90,  fossil  locality  5706 

6.  Tangential,  X  ^K),  fossil  locality  5784 

Cupressinoxylonf  rermrjoense  Knowlton,  n.  sp.: 

Figure  7.  Tangential,  X  90,  fossil  locality  5790 
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Page. 

Figure  1.  Juglans  coloraderms  Lesquereux  (MS.),  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34469) 255 

2.  Juglans  aimilis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  51332) 255 

3.  Cannaf  nuignifolia  Knowlton.  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34470^ 254 

4.  Ficus  minima  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catalogue  No.  34470fl) 260 
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PLATE  XXX\^I. 

Figure  1 .  Sniix  gardneri  Knowlton,  n.  sp.  CU.  S.  Nat.  Mus.  cataloinio  No.  34471  > 

2-4.   Myrica  torrei/i  T/Osquereux  (U.  S.  Nat.  Mus.  catalogue  No?.  34472,  34473,  34474) 

5.   Myrica  coriacen  Knowlton,  n.  sp.  (U.  S.  Nat.  Mua.  catalop:ue  No.  51372) 

6-8.  Salix  plicata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Noe.  34475,  3447(5,  51178) 

359 


PLATE  XXX\^II. 

Page. 

Figure  1.  Salir  sp.  a  (U.  S.  Nat.  Mua.  catalogue  No.  34477) 258 

2.  Salix  sp.  b  (U.  S.  Nat.  Mus.  catalogue  No.  34478) 258 

3.  Quercus  gardneri  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34479) 259 

4.  Quercus  rockvalensis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34480) 259 

5.  Ficua  minxTna  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34481) 260 

6-7.  Ficus  haddeni  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  51187,  51189) 260 

8.  Ficus  netvberryana  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34482) 261 

9.  Ficus?  starhvillensis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34483) 262 
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PLATE  XXXIX.  . 

FifiURE'i  1-6.  Ficui  Irci  Knowlton,  n.  ep.  (U.  S.  Nat.  Mua.  catalogue  Noa.  34484-3'i489),. 


PLATE  XL. 

#  Page. 

FiouBES  I,  2.   Ficus  Irei  Knowltori.  n.  sp.  (II.  S.  Xat.  Mus.  cataloi^iM;  X()-«.  MW)'.),  :U40U 201 

3,  4.   Finis  rockvaUnsis  Knowlton,  n.  sp.  (U.  !S.  Nat.  Mus.  catalogue  Nos.  34402,  3 172.>) 265 
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PLATE  XLT. 

Fi<;uRES  1-4.  Ficiift  praetHnerrU  Knowlton.  n.  gp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34493,  34404,  34495,  J 
5.  Ficus  tesstllala  Lost^uereux  (MS.),  n.  sp.  (U.  S.  Nat.  Mua.  catalogue  No.  511G9; 
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Page. 

FiGURB  1.  Ficus  praetrinerris  Knowlton.  n.  sp.  (U.  S.  Nat.  Miis.  cataloirue  No.  51384) 263 

2.  FicHs  wurdii  Knowlton  (U.  S.  Nat.  Mus.  cataloj^e  No.  3449G i 266 

3.  Piatanus  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34497) 269 

4.  Aniclanchicr  ohovata  Knowlton,  n.  pp.  (U.  S.  Nat.  Mus.  catalogue  No.  34498 1 269 

5.  Ficns  cnrta  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34499) 266 

6.  Artocarpiis  dissecta  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34500) 267 
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Fiats  gigantca  Kiiowlton,  n.  sp.  ( U.  S.  Nat.  Mua.  catalogue  No.  34501) li 


PLATE  XLTV. 

Pago. 

Figures  1, 2.  Fiats  eucalyptifolia  Knowlton,  n.  sp.  (U.  S.  Xat.  Mus.  catalo|crue  Nos.  34502,  34503) 260 

3.  Viburnum  sp.  ( U.  S.  Nat.  Mus.  catalogue  No.  51316) 278 

4.  Colutca  speciosa  Knowlton,  n.  pp.  (U.  S.  Nat.  Mus.  catalosrne  No.  34504'! 270 

5.  Celastnia/  hesperius  Knowlton,  n.  sp.  (U.  S.  Nat.  Mue.  catalogue  No.  51254) 271 
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PLATE  XLV. 

Figure  1 .  Ffciis  sp.  CIJ.  S.  Nat.  Mug.  catalogue  No.  34505) 

2.  Celastrus  haddcni  Knowlton.  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  61373) 

3.  Launis  coloradensis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  3450(5) 

4.  Viburnum  anomalinervum  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  3-1507) 

5.  Phaseolites  crassns  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34508) 

G.  Phaseolites  led  Knowlton,  u.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34509) 
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Credneria  protophtfllovlfs  Knowlton,  n.  sp.  (U .  S.  Nat.  Mus.  catalogue  No.  34510) 2G7 

368 


u.  a.  SEOLoaicM.  auRVEV  miofessiohal  n 


FLORA    OF    THE    VERMEJO    FORMATION. 
47019°— IT 25 


a  QCOLOOIUL  8URVEV  pnOFESSIONAL  PAKR  101     PLATE  XLVII 


FLORA   OF   THE  VERMEJO   FORMATION. 
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Figures  1-4.  Zizyphus  paliuri/olius  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34511-34514) 

5.  Viburnum  rhamnifolium  Knowlton.  n.  sp.  (U.  S.  Nat.  Mu3.  cataloi^ie  No.  34')loi 

6.  Celastrusf  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34516) 

7.  Vitisf fragmenta  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34517) 

8.  Iledera  rotundi/olia  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34518) 
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Figure  I.  StercuUa  coriacea  Knowlton,  n.  sp.  (U.  S.  Nat.  Mas.  catalogue  No.  34519) 272 

2.  Diospyrosf  leei  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catal(^ue  No.  34520) 275 

3.  Liriodendrtm  alatum  Newberry  (MS.)  (U.  S.  Nat.  Mua.  catalogue  No.  34521) 269 

4.  Pterosper miles  nervosus  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34522) 273 
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PLATE  XLIX. 

Figure  1.  Fraxmusf  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34523) 

2.  Viburnum f  hesperium  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34524) 

3.  Viburnum  simile  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34525) 

4.  Seedling  plant?  (U.  S.  Nat.  Mus.  catalogue  No.  34526) 

5, 6.  Palaeoaster  inquirenda  Knowlton,  n.  gen.  and  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34527), 

7.  PhyllUes  rosaefoliua  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34528) 

8.  Phyllitea  leei  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34529) 

9.  Vihumumt  probUmaticum  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34530) 

10.  Cissites  panduraius  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34531) 
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Figures  1, 2.  PhyUites  populoides  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34532,  34533) 280 

3, 4.  PhyUites  namis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34534,  34535) 280 

5.  PhyUites  aurantiacus  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34536) 280 

6.  PhyUites  protophyUoides  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34537) 281 

7.  PhyUites  sapindus  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34538) 281 
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PhylUtes  walsenburycnsis  Kaowlton,  u.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34539). 


PLATE  Ln. 

Page. 

Figure  1.  PhyUites  vcrmejomsis  Knowlton.  n.  ep.  (U.  S.  Nat.  Mus.  oataloi^ie  No.  34540) 282 

2.   Viburnum  montanum  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34541) 276 

3, 4 .   V^urnum  crassum  Knowlton,  n.  6p.  (U.  8.  Nat.  Mus.  catalogue  Noa.  34542,  34543) 277 
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Figures  1, 2.  Phyllites  ratonemis  Knowlton,  n.  8p.  (U.  S.  Nat.  Mub.  catalogue  Nob.  34544,  34545), 

3.  Populusf  neomexicanus  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34546) 

4.  PhaseolUea  minutxis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34547) 

5.  Dryophyllum  bruneri  Ward  (U.  S.  Nat.  Mub.  catalogue  No.  34735) 
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2.  Arumia  occidentalia  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34549) 285 

3.  PterU  linearis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34550) 284 

4.  Aspleniumf  primcro  Knowlton,  d.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34551) 285 

5.  Inga  heterophylla  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34552) 327 
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PLATE  LV. 

Figure  1.  Alismaphyllitts  crnssifolium  Knowlton,  n.  gen.  and  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34553). . 

2.  Juglans  nigella  Ileor  (U.  S.  Nat.  Mus.  catalogue  No.  34554) 

3.  Juglans  miniUidena  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34555). i 
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Sabal  inquirenda  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34726) 288 
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Sabalf  ungeri  (Tjesquereux)  Knowlton,  n.  comb.  (U.  S.  Nat.  Miie.  catalogue  No.  34727) 
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Sabalf  rugosa  Knowlton,  d. sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34728) 288 
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Sahalt  ungeri  (Lesquereux)  Knowlton,  n.  comb.  (U.  S.  Nat.  Mus.  catalogue  No.  34729) 
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Sabair  leeiKnowlton,  n.  ap.  (U.  S.  Nat.  Mus.  catalogue  No.  34730) 289 
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'^Geonoma*  gigantca  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34731). 
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Oeonomites  tenuirachis  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34732). 
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Figure  1.  OreodoxiU^  plicatus  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34556V 

2.  Juglans  nigella  Ileer  (U.  S.  Nat.  Mus.  catalogue  No.  34557) 

3.  Juglans  herryi  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34558) 

4.  PkUanus  aceroides  G5ppert  (U.  S.  Nat.  Mus.  catalogue  No.  34559) . 
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Pagt. 
FiouBE  1.  Juglans  schimperi  Lesquereux  (U.  S.  Nat.  Mua.  catalogue  No.  34560) 296 

2.  Magnolia  leei  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34561) 313 

3.  JuglamherryiKnowlUm  (U.  S.  Nat.  Mua.  catalogue  No.  34562) 293 
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Figure  1.  Juglans  acuminata  Alexander  Braun  (U.  S.  Nat.  Mus.  catalogue  No.  34563) 

2.  Magnolia  leei  Knowlton  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34564) 

3.  Juglans  sapindi/ormis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  345G5) 

4.  5.  Juglans  sapindoides  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34566,  34733), 


PLATE  LXVI. 

Page. 

Figure  1.  Juglans  rhamnoides  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34567) 294 

2.  Populus  neotremuloidcs  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34568) 296 

3.  PopuluSy  female  ament  (U.  S.  Nat.  Mus.  catalogue  No.  34569) 297 

4.  Vitis  led  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34570) 338 
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FiGXTRE  1.  Euonymus  splendens  Berry  (U.  S.  Nat.  Mus.  catalogue  No.  3457G) 

2.  Carapa  eolignitica  Berry?  (U.  S.  Nat.  Mus.  catalogue  No.  34577) 

^-5.  Dryophyllum  tennesseensis  Berry  (U.  S.  Nat.  Mus.  catalogue  Nos.  34578,  34579,  J 
6,  7.  Quercu$f  ratonensis  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34581,  34i 
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Pa«e. 

Figure  I.  Dryophyllum  mooril  (T..e8quereux)  Berry  (U.  S.  Nat.  Mus.  rataloguo  No.  34583) 299 

2.  Dryophyllum  aquamarumf  Ward  (U.  S.  Nat.  Miw.  catalogue  No.  34584) 299 

3.  Quercas  simplex  Newberry  (U.  S.  Nat.  Mus.  catalogue  No.  34585) 298 

4.  llmus  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  3458G) 300 

5.  Quercus?  neomexicana  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34587) 298 
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2.  FU'VLs  minutidens  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34589) 

3.  Ficua  artocarpoides  I^iesquorenx  (U.  S.  Nat.  Mus.  catalogue  No.  34o90j 
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Figure  1.  Ficus  ocddentalis  (TiCsquereux)  Lesquereux  (U.  S.  Nat.  Miis.  catalogue  No.  34591) 302 

2-4.  Ficus  psexvdopopulus  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  Nos.  34592,  34593,  34594) 304 
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3.  Jiiglans  herryi  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34597) 

4.  Ficus  neoplanicostata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34598) 
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2, 3.  Ficu8  neoplanicostata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34000,  34601) 303 

4.  Ficus  rcUonerma  Kuowltou,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34602) 306> 
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2.  Ficus  uncata  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34608) 301 

3.  Ficus  phnicostata  clintoni  (Lesquereux)  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34609) 303 

4.  Ficus  neoplanicostata  Knowlton^  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34610) 303 
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Artocarpus  s^imills  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Ko.  34611) 
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Figures  1,  2.  Artocarpus  nmiliSf  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Noe.  34612,  34613) 306 

3.  AristolocJiia?  elongata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34614) 307 

4.  Cassia  Jishcriana  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34615) 327 
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Figure  1.  Magnolia  angusllfolia  Xewberry  (U.  S.  Xat.  Mus.  catalogue  No.  34616^ 

2.  Magnolia  hilgardiana  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34G17) 

3.  Castalia  led  Knowlton,  ii.  ep.  (U.  S.  Xat.  Mus.  catalogue  No.  34618) 
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Figure  1.  Magnoha  angujtti/olia  Newberry  (U.  S.  Nat.  Mus.  catalogue  No.  34621). 
2.   Magnolia  leei  Xnowltou  (U.  S.  Nat.  Mus.  catalogue  No.  34G22) 
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Magnolia  magnifolia  Knowlton,  n.  ep.  (U.  S.  Nat.  Miis.  catalogue  No.  34626);  reduced  about  one-quarter 311 
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Magnolia  cordijolia  Lesquereux  (U.  S  Nat.  Mus.  catalogue  No.  34629) 315 
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2.  Oreodaphnef  ratonensis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalo<^uc  No.  34632) 318 
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Figure  1.  Laurusf  caudata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34638) 

2.  Cinnamomum  mississippiensef  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34639) 
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Figures  1-4.  Lnurus  mlonensis  Knowlton,  n.  sp.  (U.S.  Xat.  Mus.  catalogue  Xos.  31041.  34<)4">,  I 

5.  Laurus  socialis  Los<iuereux  (U.  S.  Nat.  Mus.  catalogue  No.  34G47j 

G.  Liquidambarf  cucharas  Knowlton,  u.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34(348;  — 
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Figure  1.  Platanus  guillelmae  GSppert  (U.  S.  Nat.  Mus.  catalogue  No.  34651) 

2.  Cassia  richardsoni  Knowlton,  n.  sp.  (U.  S.  Nat.  Miis.  catalogue  No.  34652) 

3.  Platanus  aceroides  lati/olia  Knowlton,  n.  var.  (U.  S.  Nat.  Mus.  catalogue  No.  34650), 
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Page. 
Platanus  aceroides  latifolUi  FCaoi^ltoQ,  n.  var  (U.  S.  Nat.  Mus.  catalogue  Xo.  34633) 321 
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Figure  1.  Platanus  raynoldsii  yewherry  (U.  S.  Nat.  Mus.  catalogue  No.  34654) 

2.  Ccrcocarpus  orcstesi  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34655) 

3.  Sophora  nervosa  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34656) 

4.  Platanus  platanoides  (Lesquereux)  Knowlton  (U.  S.  Nat.  Mus.  catalogue  No.  34657] 
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Figure  1.  Cassia  sapindoides  Knowlton,  n.  ep.  (U.  S.  Xat.  Mus.  catalogue  No.  34658) 327 

2.  Prunus  coloradenxis  Knowlton,  n.  sp.  (U.  S.  Nat.  Miia.  catalogue  No.  34659) 32G 

3, 4.  Euphorbocarpum  rirhardsnni  Knowlton,  n.  ^n.  and  sp.  (U.  S.  Nat.  Mua.  catalogue  No.  34660) 328 

5.  Platanus  guillelinue  heerii  Knowlton,  n.  var.  (U.  S.  Nat.  Mus.  catalogue  No.  34661) 323 
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Figure  1.  PUUanus  guillelmae  heerii  Knowlton,  n.  var.  (U.  S.  Nat.  Mus.  catalogue  No.  .H4662V 
2, 3.  Platanus  aceroides  Gdppert  (U.  S.  Nat.  Mus.  catalogue  Nos.  34663,  34664) 


PTATE  XC\^II. 

Paget. 

Figure  1.  CflastrusBp.  (TJ.  S.  Nat.  Mus.  catalogue  No.  34665) 329 

2.  Platanus  guillelmae  heeiii  Knowlton,  n.  vaf.  (U.S.  Nat.  Mus.  catalogue  No.  34666) 323 

3.  Celastrus  serratu8  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34667) 329 

4.  Sapindus  rocklanderms  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34668) 331 

5.  Rhusf  vibumoides  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34669) 32ft 
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Figures  1,  2.  Zizyphus  meiggsii  (hesquereux)  Schimper  (U.  S.  Nat.  Mus.  catalogue  Nos.  34670,  34671) 

3.  Sapindus  ajfinis  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34672) 

4.  Celastrus  serratus  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34673) 
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Figures  1,  2.  Acerfra^ilis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34677,  34678 

3.  Apeibopsis  neotnexicanaf  Kijiowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  ; 

4.  Rhamnus  goldianusf  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34680) 

5.  Berchemia  multinervis  (Alexander  Braun)  Heer  (U.  S.  Nat.  Mus.  catalogue 

6.  Rhammts  tvoottonengisf  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  3^ 
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Figure  1.  Zizyphis  fihriUosus  (Tjesquereux)  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34683) 335 

2.  Dombeyopsis  magnifolia  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34684 ) 337 

3,  4.  Sterculia  berryana  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34685,  34686; 337 

5.  Phyllitea  retmoidea  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34687) 349 
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Figure  1.  Cissiis  laevigata  Lesquereux  (U.  S.  Xat.  Mua.  catalogue  No.  34688^) 

2.  Vitisf  platanifolia  Knowlton.  n.  sp.  (U.  S.  Nat.  Mus.  catalogiK^  No.  34689) 

3.  Apoq/nophyllum  wilcoxensis  Berry  (U.  S.  Nat.  Mus.  catalogue  No.  34690).. 
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Figure  1 .  CUsus  grossedentata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  oatalog^ie  No.  34691 ) 340 

2.  Paliuriis  zizyphoides  I^esquereux  (U.  S.  Nat.  Mus.  cataloj^e  No.  34692) 334 

3.  Apoci/nophylluM  linifolium  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34693) 346 
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FiouBES  1,  2.  Apocynophyllwn  vUcoxentis  Berry  (U.  S.  Nat.  Mus.  catalogue  Noe.  34694,  34695). 
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Figure  1 .  Apocynophfllum  inlcoxensis  Berry  (U.  S.  Nat.  Mus.  catalogue  No.  34696) 345 

2.  Magnolia  laurifoiia  Lcsqucreux  (U.  S.  Nat.  Mus.  catalogue  No.  34697) 300 
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PLATE  CVII. 

Figure  1.   Vidff  inomlnata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  (*atalogue  No.  34734) 

2.  Aralia  coloradensis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34698). 


PLATE  CVIIT. 

Page. 

Figure  1.  Nj/asn  lanreolatn  Lesquereux  (V .  S.  Nat.  Mus.  catalojjiie  Xo.  34699) 343 

2.  ChionarUhus  numbranaceus  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catalogue  No.  34700) 346 

3.  Viburnum  contortum  Lesquereux  (U.  S.  Nat.  Mu8.  catalogue  No.  34701 ) 346 

4.  Araliaf  scrraia  Knowlton,  n.  Bp.  (U .  S.  Nat.  Mus.  catalogue  No.  34702; 341 
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Figure  1.  Comiu  neomexicana  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  Xo.  34703)... 

2.  Comus  stwlerif  Heer  (U.  S.  Nat.  Mus.  catalogue  No.  34704) 

3.  Andromeda^  lanceolala  Kaowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34705; 


PLATE  ex. 

Page. 

Figure  1.  Andromeda?  lanceolata  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalog:ue  No.  34706) 344 

2.   Viburnum  magnum  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catatonic  No.  34707) 347 

3,  4.   Viburnum  lakesii  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  Nob.  34708,  34703; 348 
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PLATE  CXI. 

Figures  1-5.  Vibvmum  speciosum  Knowlton,  n.  ep.  (U.  S.  Nat.  Mus.  catalogue  Nos.  34710-34714), 
6.   Viburnum  woottonianum  Knowlton,  n.  sp.  (U.  S.  Nat.  Mua.  catalogue  No.  34715) 
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PLATE  CXII. 

Figures  1,  2.  Andromeda  scripta  Knowlton,  n.  sp.  (U.  S.  Nat.  Miis.  catalogue  Nob.  34716,  3-^717) 344 

3.  Ficus  pseudopopulxis  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34718) 304 

4.  Juglans  rugosa  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34719) 293 

5.  Rhamnus  goldianitsf  Lesquereux  (U.  S.  Nat.  Mub.  catalogue  No.  34720) 332 
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PLATE  CXIII. 

FiouRB  1.  Platanus  aceroides  cuneata  Knowlton,  n.  var.  (U.  S.  Nat.  Mus.  catalogue  No.  34721) 

2.  Nyssa  lanceolata  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34722) 

3.  Rhamnus  clehumi  Lesquereux  (U.  S.  Nat.  Mus.  catalogue  No.  34724) 

4.  Platanusf  regularis  Knowlton,  n.  sp.  (U.  S.  Nat.  Mus.  catalogue  No.  34723) 
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A.  Page. 

Abert,  J.  W.,  ft)ssils  collected  by 13,17,223 

on  coal  measures 17 

Abeton,  Colo.,  fossils  fh)m 133 

Abletites 234,241,249-350 

dubins 55, 118, 127, 128, 181, 188, 193,212,223,227,229,340-250 

Acanthoceras 175,197,198 

Acer 231,330 

fragilis 61,  109,  119,  238,  330,  4^3 

trilobatum  productum 170 

Aceraceae 330 

Aemaea  cerillosonsis 32, 214 

Aooros  brachystachis 1 70 

Amstlchum 231,232,234,235,241,244 

baddeni 54,227.244 

Aetaeon 35,175,190,193,194,196,202.210 

intercalaris 175.188 

Admetopsis  elevata 32, 217 

Agate,  gem,  occurrence  and  character  of 43 

Agailar,Cok>.  (iocs.  114-118),  fjssils  from 133,135 

geology  at  and  near 1 32- 1 33 

sections  at,  plate  showing 132 

Alectryonia 177,202 

Alga 181,202 

Algae 230,232,233,234,242-243 

Alismaceae 286-287 

AUnnapbylUtfls 231,241,286-287 

erassifoUum 00,119,130,235,286-287,577 

AlkaU  Gap,  Colo.,  fossils  from 176 

geology  at  and  near 166-167 

section  in 166-107 

plate  showing 104 

AlloriBma  subcuneata 42 

AimnwH  ooal  gToup,  fosslls  from 228 

Amboooelia  planiconvcxa 42 

Amelanchicr 228.233,241,269 

alnifolia 209 

obovata 55.lM,2(t9, 364 

Anacardiaoeae 328-329 

Anatina 29,175,202,213 

Anchura 175,195,196,197,198,202,210,217 

itBiformls 175,195,197 

ncwberryi 175, 188 

Ancylooeras 45, 51, 175, 190 

Andromeda 231,240,344-345 

flezuosa 344 

lanoeolata 01 ,  121 ,  236, 315,  344,  431,  \5i 

pfafHana 344 

scripta 61,139,236,344-345 

Anemia 248-249, 285-286 

eoccnica 23S 

besperia 102, 113, 125, 127, 130 

ocddentalis 60, 235, 285-286,  .*rff 

perplcxa '. 286 

robusta 55, 227, 244, 248 

subcretacca 170, 227 

supercretacea 5.>,ir4  228, 2i 1, 248-249, 28i>, 55? 

Angiospennac 25;i-278, 286-348 

AtiiiTnia  formation,  correlation  of 184, 185, 210 

correlation  of,  chart  showing 179 

fossils  of 185-186 

sectton  of 185-180 

Anisomyon 45, 80, 1 75, 190, 198 

alveolus 48 

patclliformis '. 175,190 

Anisonrma 328 

Anomia 25,  45. 47,  50,  OS,  70, 71,  73,  74,  75, 80, 175, 180, 

187, 188, 190, 191 ,  193, 194, 190, 197,202,210,213 
microncma 188 
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Apeibopsis 

discolor 

neomezicana 

Apishapa  Canyon,  Colo.,  fossils  from 

Apocynaoeae 

Apocynophyllum 

leei 

lesqoereuxii 

linifolhim 

wilcozensis. . .  61, 110, 124, 125, 128, 230,  a 

Aporrhais  biangulata 

Alalia 

coloradensis 

notata 

pungens 

serrata 

Araliaorac 

Arapalioe  formation,  correlation  cf 

correlation  of,  chart  showing 

fossils  of 

correlatfon  of 

ATaueariUt  Tdehenbadii 


Area 

madridensis 

Arecales 

Aristolochla 

elongata 

oeningensis 

Aristolochiaccao 

Aristolochiales 

Artocarpus 170,233,23 

dissecta 

Icssigiana 

pungens .'. 

similis. ...  60, 121, 125, 133, 139, 141, 157, 1 

wilcoxiana 

Aspidium  kenncrlyi 

Asplcnium 5 

coloradoiisc 54, 138,  ] 

elongatum 

eroium 

hurleyensis 

lineatum 

magnum 

primero 

subcretaceum 

8P 

Astarte 

evansi 

Astartclla  conoentrica 


varica 

Auoella  strong! 

Avicula 

gastrodcs 

linguiformis 

nebrascana 

Avicullpecten  carbonifenu. 


B. 


Baculites 29,30,32, 17 

anccps 

obtusus ^ 

aspcr 

compressus 45.71.7H,74, 10 

gracilis 

ovatus 20, 29 

Bailey,  J.  W.,  on  fossils  near  Trinidad 
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Ba]d7,N.Kez.aoe.l),ftMisasof 47 

geology  at 66-67 

gold  at 66 

section  sear,  plate  showing M 

Baptemys 141 

Barilla  Kesa,  N.  Mex.-CloIo.,  section  on 115 

sections  on,  plate  showing 108 

BarUett  Mesa,  N.  Mez.  (Iocs.  78-82),  fossilsfirom 100 

geology  at 108-100 

sections  in 108-100 

plates  showing .". 56, 106 

Bauer,  C.  M.,  on  <<Laramie"  tormation 37, 184 

Bear  Canyon,  N.  Mex.,  rocks  in 115 

Bellerophon 43 

carbonarius 42 

montfortianus 42 

percarinatus 42 

Benton  formation,  character  and  distribution  of 40, 44 

fossils  of 44 

Berchemia ^ 210,241 

multinenris 61, 113, 170, 226, 236, 237, 230, 333-884, 4^ 

parvifdUa 223,226,338,334 

Berry,  E.  O.,  on  Cretaceous-Tertiary  boundary 16 

on  Wilcox  flora 288 

Berwind,  Colo.  (loc.  113),  fossils  fh>m  near 132-133 

geology  at  and  near 132-133 

secUonnear 132 

plate  showing 118 

Berwind- Aguilar  area,  Colo.  (Iocs.  110-119),  geology  of 180-136 

sections  in,  plate  showing 132 

See  also  Bowen;  Miotic;  Berwind;  Aguilar;  GonialM  Canyon. 

Beryx 82,214,217 

Bibliography 17-34 

Blake,  W.  P.,  on  coal  near  Cerrillos 18 

on  geology  of  Now  Mexico 18 

Blodgett,  M.  E.,  and  Shimer,  H.  W.,  on  geology  of  Rio  Poerao. . .       34 

Blossburg,  N.  Mex.  (Iocs.  61-67),  fossils  firom 104-106 

geology  at  and  near 106 

sections  at  and  near 105 

plate  showing 56 

BlufT  Springs,  Cok>.,  geofogy  at 163. 

section  at,  plate  showing 164 

Bowen,  Colo.  (Iocs.  100, 110-111),  fossils  fh>m 47, 120-130, 131 

geology  at 12&-130, 130-131 

sections  at  and  near 129,131 

plate  showing 118 

Bowie  shale,  fossils  of 220 

Brachyphyllaoeae 233,249 

Brachyphyllum 55,128,178,181,201,227,241,249 

crasslcaule 249 

macrocarpum 55, 

128, 181, 186, 188, 189, 190, 190, 212, 227, 228, 229, 233, 249, 555 

obesum 249 

sp S6S 

Breviarca  exigua 177, 190 

Brilliant,  N.  Mex.,  section  near 57 

Broadhead,  A.  O.,  on  Gonzalez  Canyon 133-134 

section  by 134 

Brookside,  Colo.,  view  near 167 

Buchiceras  swallovi 30 

C. 

Cabezon  Butte,  view  of 194 

Cabezon  field,  N.  Mex.,  formations  of,  correlation  of 192 

formations  of,  correlation  of,  figure  showing 179 

fossils  of 175-177, 192-194 

view  in 194 

Calamopsis 291 

danai 291 

CaUista 199 

deweyi 175, 188 

peUudda '*8»175 

Calycanthus 279 

Campbell,  M.  R.,  on  coal  of  New  Mexico 34, 204-205 

CBmpeloma ^^»  ^^»  ^^ 

Csmpophyllnm  torquiun ^2 

CamptODectes ^'*® 

symmetricus 30,175,195.197 


Page. 
Canadian  Canyoo,  N.  Mex.  (loos.  51-60),  geology  at  and  naar..  102-130 

sections  at  and  near 102,108 

Canadian  (Sanyon and  (Jardiner,  N.  Mex.  (Iocs.  48-54),  ooal  of...      100 

geology  of 99-108 

See  aUo  Cottoowood  OanyoD;  Sagarloaf  Mountain;  fiM*«^«^" 
Canyon. 

55,164,227,281,233,285,884-W8 

oooenioa. 238 

magnifoUa 55, 138, 165, 227, 854-885, «« 

■P 855 


854-855 

Cuon  City  field,  cUfb  of,  view  of los 

ooal  measures  of m 

bibUogiaphy  of 17,18,27 

oonalation  of .  .* 166,280 

fossils  of.    See  Verraejo  formation. 

fonnationsof 35-86 

correlaUonof. -,  12,20^102-160 

figure  showing lao 

fossflsof. 9, 12, 54.65, 228-221^  227-228 

Investigations  In 162-168 

kxation  and  area  of i«2 

map  of i«2 

northern  part  of ,  fossils  from 166 

geology  at IM 

seotionsin,  plateshowing 164 

GanycDdel  Yeso,  N.  Mex.,  section  in 2I6 

Oaprlfoliaoeae 875-878,846-848 

CSaiapa 


887 

eoIignlUca 61,280^288,887,59/ 

Garboolferous  system,  deposition  of 62 

occurrence  and  character  of 40 

CBrdium 25, 26, 30, 35, 45, 49, 106, 175, 193, 196^  197,  U6»  10^  202;  213, 217 

beUulum 175,188 

pauperculunL 30 

spedosum 175,187,188,190,198 

trite 175,195,198 

(3arex  berthoudi 226 

Oarpites 181, 186, 188, 191. 202;  307, 828, 848-349 

coff eaeformis 61, 104, 236, 348-340 

oviformis 343 

pealei 307 

Garpolithes 328 

oompositus 10 

mexicanus 19 

palmarum 202 

splnosus 61, 226, 236^349 

spirales 10 

Cktrpolithtu  8pinosu9 226 

C^aryatos  veta 30 

Caryophyllia  johannis 47 

CasaSalazar  field,  N.  Mex..  formations  of ,  correlation  of 104-196 

formations  of,  correlation  of,  figure  showing 179 

fossils  of 175,194-195 

views  in 194,196 

Cassia 240,327 

berenices 327 

fisheriana 61,119,327,^ 

glennl 238,327 

richardsoni 61, 236, 327, 4/5 

sapindoides 61, 121, 236, 327,418 

(^astalia 231,282,307-308 

leel ". m,  139, 192, 236, 307-308. 401 

Castanea 231, 236, 940, 241, 297 

intermedia 60, 121,237,897,580 

Caulerpites 230,241,843 

incrassatus 54, 226, 227, 843 

C«anothus 231,240 

fibrillosug 226,336 

meiffg«ii 226, 337 

ovat  us 320 

C^lastraoeae 233,871,389-330 

Celastrus 61, 113, 147, 181, 212, 228,235,236,240,871,389 

femipneus 329 

haddeni 55,228,871,557 

hesperius 55, 228, 87 1 ,  see 

serratiKS 61,121,124,236,329,^,|f/,i8« 

sp 871,389,S5P,-f» 


INDEX. 


Page. 

Oanoioio  time,  events  in 64-^ 

Oercocarpus 341,32/^-336 

•ntlquos •. 325 

orestesl «),236,3a*-32e,4l7 

CtfriUos  field,  N.  Mex.,  anthracite  coal  of 18,19,22,27,206 

ooalbedsof 206 

bibliography  of 17,18,19,20,21,22,27,29,31 

Ibnnatlons  of. 1*4-185,206-217 

bibliography  of 31 

correlation  of 13, 24, 2.'>,  27, 28, 29,181 

fossils  of. 32,175-177,206-207,210-217 

sections  in 206-216 

figures  showing .* 208 

Ovrososo  Canyon,  N .  Mex.  (Iocs.  15-lG) ,  fossils  from 47, 78 

geology  at 78-80 

sections  in 78-80 

plate  showing 66 

Chamaedora 23« 

Chapman,  L.  C,  section  by 196 

CkeUanthet  aepulta 246, 247 

ChemniUia 30,48 

coalvillensis 30 

Chloo  Arroyo  district,  N.  Mex.,  coal  of 34 

Chioorico  Canyon,  section  in,  plates  showing 66, 108 

CMmanthus 231 ,  241, 34ff 

membranaceiis 61, 135, 23A,  345, 4^ 

virginicus 345 

Chlamys  nebrascensL«t 45, 50, 136 

Chondrites 230,210,243 

bulbosus 54, 227, 243 

subsimplex 54, 227, 243 

Chonetes  mesoloba 42 

Cimarron,  N.  Mex.  (loc.  10).  fossils  ut  and  near 47-48, 73, 74 

geology  at 72-74 

sections  near 73 

Cimanron  Canyon,  N.  Mex.  (Iocs.  6^8),  fossils  from 47, 70 

geology  at 69-71 

seeiionsin 69-71 

plate  showing 56,108 

views  of. 68,72 

in 72 

River,  N.  Mex.  (Iocs.  6-10\  geo!o(?y  at 61^74 

See  aUto  Cimarron  Canyon;  Turkey  Canyon;  ('imarron. 

dnnamomum 22t,231, 240,304,318-320 

affine 170, 223, 263, 264, 32« 

buchl 319 

elongatum 319 

ficifolium 60,  i:«,  2311,318-319. 4/i 

lanceolatum 319 

llnlfolium 60, 86, 123, 23»i,  319-320, -i/0 

mississippiense 19, 

60, 67, 109, 1 13,  II 4, 130, 1.^3, 139, 158, 236, 238, 264, 320, ^/ / 

oblongatum 238 

salicifollum 319 

Cfnulla 35,175,197 

Cissites 231,233,241,274-275 

formosus —      275 

panduratus 55,  13S,22n.  274-275, 57/ 

CIssus 231,235,210.275,340-341 

grossedentaia 61, 236, 340, 426 

laevigata 61, 133, 170, 230, 237, 340-34 1,42J 

lobatocrenata 170 

parrotiuefolia 340 

Clark,  R.  N.,  on  Canon  City  reals 19, 102 

Cliothyridina  orbicularis 42 

Coal,  plate  showing 14«J 

Coal  Creek,  Cola,  fossils  from 162-16:^  104 

geology  at 163- 1  m 

section  on 163-164 

plate  showing Ifi4 

Coal  fields,  map  showing 173  i 

Coal  measures,  age  of. 9-10, 12-13,  ifi2-HV3 

age  of,  publications  on IT-.'M 

publications  on,  review  of 13-16 

cool  of.  plate  showing 1 16 

deposition  of 63-«»4 

fossils  in 10 

.subdivision  of 12 

See  alto  partkular  field*:  Raton  formation:  Vemaejo  formation. 


CoalvlDe,  Utah,  foBsilsfhxn 

Coilopooeras  coUeti 

Colorado  group,  occurrence  and  character  of 

Colorado  Springs  area,  Colo.: 

formations  of 

oorre'jitlon  of 

figure  showing 

fossils  of. 

Colutea 

macrophylla 

primordiales 

Salter! 

speciosa 

Cxmbretum 

ovalls 

Composlta  subtilita 

Conglomerate  at  Cretaceous  Tertiary  contact.    St 
tion. 

Coolferae 

Coniierales 

Cookling,  A.  R.,  on  geology  of  Raton  field 

Cope,  E.  D.,  on  coal  measures 14, 20 

Corblcola 

cytheriformis 

oecidentalis 

subelliptica 

Corbula 

1H6, 187, 1! 

nematophora  fitchi 

subtrlgonalis '. 

undlfera 

Comooeae 

Cornell,  Colo.  (Iocs.  133-134),  geology  at  and  near. 

sections  at  and  near 

plate  showing 

view  near 

Comus 

acuminata 

emmonsi 

impressa 

neomexicana 

studeri 

170,236, 
Correlation,  of  different  regions. 

of  dilTerent  regions,  charts  showing 

principles  of 

See  al90  particular  formations,  rrgioru,  etc. 
Cottonwood  Canyon,  N.  Mex.  (Iocs.  48-49),  geology 

sections  in 

plate  showing 

unconformity  in 

figure  showing 

Cox,  E.  T.,  and  Owen,  R.  £.,  on  mines  of  New  Mi 

Cra.ssatella  clmarronensls. 

Ciassatellltes .' 

ci  marronensis 

shumardl .• 

Credneria 

bUoba 

integerrima 

protophylloides 55, 135, 227, 

subtriloba 

Oedneriaceae 

Crenella 

Cretaceous  period,  events  in 

events  following 

geologic  quiescence  in 

Cretaceous  sea,  submergence  by 

withdrawal  of 

Cretaceous  system,  boimdary  of  Tertiary  and 

fossils  of 

occurrence  and  character  of 

unconformity  at  top  of 

figures  showin  ? 

fossils  transgressing 

Cross,  Whitman,  on  geology  of  Colorado 

on  post-Cretaceous  erosion 

Crow  Canyon,  N.  Mex.,  sections  in 
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Cuatro,  Colo.  (loos.  130-131),  fossils  from U3 

KBologyat 153 

sections  at. W3 

Cuchara  River,  Colo.  (Iocs.  120. 137-141),  fossils  from 138-130,100 

geology  at 137-130, 150-161 

secUonsat 137-138^180-161  ! 

figure sho^inf! 158  ' 

Cuctdlaea 45,136,175,193,194,196,199,202,210,213,217 

Culebra  Range,  rocks  of 41, 61 

sections  in *l-^2 

Cunningbamites 178 

pulcheUus , 181,190,212 

Cupresslnae 234 

Cuprassinoxylon 234, 235,  »«»-««3 

ooloradelise 55, 122, 123, 163, 227, 233, 252-263,  S6S,  SSe,  SS7  \ 

elcngatum 263-353  ; 

vermejoensls 55, 164, 227, 233, 253,  «tf  , 

Curtis  Creek,  N.  Mcx.  (Iocs.  29-30),  fossil  from 90 

geology  at 8!>-00 

sections  oo 80,90 

plate  showing 66 

Cymella  undata 45,72,176 

Cyperacites 181,302 

Cyprimeria 35, 175, 193,  IW,  195, 196, 199, 302, 210, 213, 217 

sulcate 32,217 

Cypris 186,188 

I).  I 

i 

Dakota  sandstone,  chaiacter  and  distribution  of 40,172 

deposition  of '63  ■ 

corrplation  of,  chart  showing 179  ' 

secUonof 187,195.197,216  ' 

Dalbergia 181,196,201 

Darton,  N.  II.,  on  geology  of  New  Mexico 35 

Dawson,  N.  Mex.  (Iocs.  20-26),  fossils  from 86 

geology  at  and  near 82-87 

sections  at  and  near 83-87 

plates  showing 56, 108 

view  near 38 

Dawscn  area,  N.  Mex.  Goes.  20-28),  geology  In 82-89 

See  also  Dawson;  Saltpeter  Creek;  Saltpeter  Mwmtain;    Tur- 
key Creek. 

Dawson  arkose,  correlation  of 16,36,170-171,241 

correlation  of,  chart  showing 169 

fossils  of 60,170-171 

Dead  Easy  mine,  N.  Mex 14.5 

Delagtia,  Colo.,  fossils  from KO 

DeUiseria  incrastata 226, 213 

lingulata 226 

Dentalium 45, 10*i.  17"),  188, 196, 213 

Denver  Basin,  Colo.,  formations  of 171 

formations  of,  correlation  of 171 .  241 

oorrelatlon  of,  figure  showing 169 

fossils  of 60-61 

Denver  formation,  correlation  of 16S,  169, 171 

correlation  of,  chart  showing 169 

fossils  of 60-61, 237 

correlation  of 237 

Derbya  bennetti 42 

crassa : 42 

Diastrophism,  correlation  by 11,12 

Dteksonia 170,234 

DIcotyledonae 2«,  231, '-iSS-^TS,  292-348 

Dillon  Canyon  area,  N.  Mex.,  coal  in 103, 104 

geology  in 103-105 

See  alto  Blossburg. 

Dlospyros 181,191,193,231,233,241,275,345 

copeana 345 

flcoldea 230,275 

hagiiei 282 

leei 55,147,181,228,230,276,570 

Dombeyopsis 61,181,193,337-339 

magnlfolia 07, 236, 337-339, 4^'4  ' 

obta« 170,338' 

oeeidfntaliA 226,302 

platanoides 267,3,38 

trlvialls 171,338 


Dostnla 80 

DryoptayllQm 240, 969,  t99-a00 

aquamanim i 00,121,2M,29e,3ar 

bnmerf 166, 237,269,575 

flUcatum ]81,100»350 

moorii 60,86,236,296,2tt,28e,3ftf 

puryearaisis 

sublUcatum 

tennesseensis 60, 236, 238, 299-300,  S9! 

Dryopteris 60, 113, 181, 193, 212, 235, 284 

cladophleboldes 60,155,285,984,570 

kennerl>i 246 

lakesiana 171 

lesquereuxii 171 

sp 384 

Dulce,  N.  Mex. ,  fossils  from 175-177, 180-101 

geology  at 180-101 

sectional 100-101 

view  near 188 

Durango  field.  N.  Mex..  ccalof 33 

formations  of,  correlation  of 187 

chart  showing 170 

fossils  of. 175-177 

section  at 185-187 

Dutchman  Canyon,  N.  Mex..  section  in,  plate  showing 56 

E. 

Earle,  C,  and  Osbom,  H.  F..  on  Piienx)  beds 20 

Ebenaceae 976 

Rbenales 283,976 

Echitonium  sophiae 233 

Ecology, hi  Raton  time.. 280-240 

in  Vermejo  time 284-286 

Emmons,  8.  F.,  on  coni  measures 28 

on  diastrophism  in  region 37 

Emory,  W.  H.,  on  coal  near  Trinidad 13, 17 

Enoenoso  Creek  (Iocs.  76-7S),  geology  at 76-78 

sections  on 77 

platcshowing 66 

Endicott,  J.  I).,  on  agates ^ 

Endlich,  F.  M.,  on  cool  measures 16, 24, 1(B 

Endocostea  brooksi 82 

typioa 82 

Engle.CoIo.  (loc.  97),  f«sils  from HO 

geology  at !*• 

sectim  at !!• 

plate  showing 118 

Enule  field.  N.  Mex..  coal  beds  of 33 

Eocene  series,  correlation  of 171 

occurrence  and  character  of 40 

Equlsetum 171, 181, 187 

Ericaceae 344-346 

Ericales 344-346 

Eriocaulum  porosum 279 

Erosion,  measure  of 56,59-60 

Eucalyptus 181,189,193,346 

Euonvmus 240,241,329^330 

splendens 61, 105,236,238,329-330,59/ 

Euphorbiaceae 328 

EuphorlMX-arpum 241, 328 

richardsoni 61,135,236,328,4/8 

Exogym 176,194,195,198 

columbell* 30.35,175,105,106,107,216 

laeviiLscula 30 

ponderosa 176,210,217 

texana ^ 

winchelli 30 

F. 

Fagaceae 269,997-300 

Fagu.es 969,997-300 

Fagu-s 231, 236, 240,297 

papvracea 60, 135, 997,  S90 

Fasciolaria 45,48,74,81,176,188,104,202 

Field  work .  methods  of 10-11 

FishersPeakmhie,  Colo.,  fossils  from 110 
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Finis. 55,  IM,  Vl,  181, 185, 187, 180, 190, 191, 196,  »1, 

212, 227, 233, 234-235, 240, 250-267, 268, 282, 300-^06, 314 

aguilar 60, 135, 236, 230,300-301, 302, 494 

wenaeea  hrevipetkiota ^.  226,301 

•  artocarpoldes 60,121,2sW,238,30O,aM 

berthoudl 280 

cllntoni 303 

eolondtntii 226,264 

curU 65,164,2a7,a«6,;»4 

dalmatica. 55,227,228,229,231,259,265 

denveriaiia 60,108,113,114,119 

121, 131. 132. 133.143,  171,226,236,237,238,  303-^303,597 

duplicata 60,135,236,237,302,595 

euralyptifoUa 55,181,205,212,227,228,229,260,590 

paudinl 22B.3rjl 

glgantea 55,136,227,26«,5W 

glflocoena 300 

haddenL 55, 136, 227, 229, 200,  SCO 

harrlslano, 60,105,236,23J<,3O2 

irregularis '226,264 

bmceolata ISl,  187, 190, 202, 205, 212, 229, 260, 266, 276 

latifolia 60, 132, 226, 23M,  304, 306, 346 

leei 55,  71,  75,  120,  13«.  157,  164,  165,  181, 

188,  191,  205, 227, 229, 230, 23,'),  261-202, 206, 279, 560, 59/ 

minima. 55, 13?*,  227, 260-261, 555, 560 

minutldens 60, 121, 305-306,  .»5 

monodon 238,301 

navicularls 229 

neoplanlcoKtata 60, 139, 192, 23<),  23S,  303, 595, 596, 598 

newlierryiana 65, 227, 229, 261 ,  590 

oocldentalls 60,104,226,236,237,238,302,594 

planlcostata....  171, 181,186, 190. 229, 230y23(i,  260, 261, 262,903, 306, 316 

cllntoni 60,114,236,237,303,598 

goldiana 2Bl.»VJ,303 

latifdiia 171,226,236,238,306 

praetrinervis 55, 60,  lis,  121, 123, 125, 131, 136, 153, 15K,  150, 164. 

165, 166, 178, 181,  ISi*.  190, 191, 193, 196, 202, 205, 227, 229, 230. 
236, 237, 250. 252, 2ii0. 263-264, 275, 304, 305, 319, 5rl5, 56^ 

pratMldes 260 

p$eudolmediafolia 238, 316 

pwudopopulus 60. 

113, 131. 137, 143, 146, 1S2, 236, 23S,  305, 594, 59.5, 4.J4 

ratoneosis 60. 113, 300.  J."**; 

regularis 55, 164. 227, 22S,  264 

rhamnoiJes 31-32,  :>5, 1«1,207, 227. 22S,  220, 205 

richardsoni 60, 105, 13.'),2:<6.;i05,  m( 

rockvalensis .V),  227, 205,  -UiJ 

soliimperi 113, 127, 135, 143, 236,23s,  304-305,  .W7 

smithsonlana 60, 226, 231),  237.  ;I05 

spedosissima. 51, 

Kt,  125.  129,  131,  164,  165, 106, 178,  ISl,  18H,  193, 
207, 212, 227, 22K,  229, 230, 262, 265, 266, 26S,  282 

tpeetabilia 226, 2i5, 3i)2,  aW 

starkvillensis 55, 1  IS,  123, 131, 17»,  IHl,  1S8, 227, 229, 262-26.'!,  .^iO 

tessellata 55, 227, 229, 266,  .WJ 

tiliaefolia. 19,171 

trinervis 229, 231, 260, 2iy-26 1 

ulmifolia 22t),:im 

imcata 32,  eiO,  133, 1  si ,  207, 226, 236, 23*4.  .30 1 -302,  m 

brovliyctiolata 'MY2 

unKPri 300 

wardii 65, 12s,  136. 

138,  W),  HW),  17S,  IM,  ifll,  I'M,  205, 227, 22s, 229, 246, 266, .i»4 

sp 266-267, .W7 

Flllcales 244-248.284-286 

F]abel\ari&l<mgiraehi8 22»i,291 

eocenlea. 22«,2xs 

Fleming,  J.  W.,  on  coal  mines 29, 3«) 

Florida  lUver.  Cola,  section  on 1X5-1S7 

Fvlies  mine,  Colo.,  fossils  at 131 

geology  at 131 

Fcrt  Union  formation,  fossils  of 239 

fossils  of,  correlation  of 2:W 

Fossils,  change  in,  at  lowest  unconformity 12 

See  also  particular  placts,  formations,  etc. 

Fraximis 55, 118, 22S,  233, 211, 275 

sp 275,57/ 


Fox  Hilb  aandgtone,  correlatloa  of. 
oomUtion  of,  chart  showing. . . 

Fungi 

Fusus. 


G. 

Oallsteo  coal  field,  N.  Kex.  8««  Cerri  los  field 
Galistco  CYeek,  N.  Mex.,  rock.«i  near,  view  of. . 
Oallsteo  sandstone,  character  and  relations  of. 

correlation  of. 

foflsilsin 

petrified  logs  in 

sections  of. 

figure  showing 

views  of. 

Oardiner,  N.  Mex.,  section  near 

plate  showing 

8^  aUo  Canadian  Canyon. 
Gardner,  J.  IT.,  on  coal  of  New  Mexico 

on  San  Juan  Basin 

section  by 

Gastropod  looe,  character  and  relations  of.  ^ . . 
Geinittla 

formofta 65, 136, 181, 186, 187, 188, 190, : 

Gentianales 

Geography,  features  of 

Geologic  history ,  account  of 

Geology ,  features  of 

rocks  of 

sequence  of 

See  aUo  particular  formations,  etc. 
Geonoma 

glgantea 

Geoobmites 

tenub-achis 60,113,: 

ungeri 

Goran  iales 

Gervilliopsis 

GUmore,C.  W.,  In  fossils  of  the  *' Laramie".... 

Girty,  G.  II.,  fossils  determined  by 

( ileichenia 

delicatula 

rhombifolia 55, 1 

(ileicheniacca 

Goat  IIill,N.  Mex.,  fossils  from 

view  of 

Gonioltasis 

Gonralcs  Canyon ,  Colo.  (loc.  1 19) ,  fossils  from . . 

jrcology  at 

section  In 

Gonzales  Canyon,  N.  Mex.,  coal  of 

Graminalcs 

Grand  Mesa  field,  N.  Mex.,  rocks  of 

(}ray  CrL>ck,Colo.  (loc.  96),  fossils  from 

geology  at 

sect  ion  on 

plate  showing 

Green  Canyon  mines,  Colo,  rfossils  from 

Greenhorn  limestone,  character  and  distributic 

fossils  from 

Gre\«iopsIs  popullfolla 

Gryphaea 

newlx^rryi 

vesiciilaris 

Gulf  region,  format  ions  of 

formations  of,  correlation  of 

figure  showing 

fossils  of 

(}ymnogramma  haydcni 

G>T0dcs 176,193,194,195.19 

depressa 

II. 


Hackberry  Canyon,  N.  Mex., coal  in 

Ifadflen,  George,  fossils  collected  by 

Hagan,  N.  Mex.,  coal  measures  near,  vIqw  of. 
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Hagftn  field,  N.Kex.,fQniiatioiiis  of 184.201-206 

formations  q^,  correlation  of 13,184,2(0-200 

flgUTB  showing 179 

fossils  of 175-177,201-202,205 

section  In 201-208,205 

Halymcnltos 21-22, 25. 26, 197, 230, 240, 242-843 

m^or 15, 4«, 

49,  50,  54,  C8-84,  88, 91-W,  99, 100, 105-107, 110, 115, 120, 
122,  129.  134,  158^  150,  lAO,  163,  164,  U'A,  166,  167,  168^ 
191,196,  197,  205,  213,  226,  227,  22K,  230,  234,  242-243 

minor 226,242 

strlatus 54,227,243 

Ilamamclidaoeae 320-321 

Haminea 176,190 

HamJtes 217 

Hayden,  F.  U.,  on  coal-bearing  formations 13, 

14,15,18-19,20,21,22-23.24,162,223-224 

Hedera 171,233,235,240,274 

•      rotundUoUa 55,151,228.236,274,583 

ITelicoccras 1-3 

parlonse 32,217 

Hcroy,  W.  B.,  on  oorrelation  of  Fox  Hills  sandstone 37, 218 

Ilcrrick,  C.  L.,on  geology  of  San  Pedro  and  Albuquerque  dis- 
tricts  29,30.31 

Herrick,  C.  L.,  and  Jotinson,  D.  W.,  on  geology  of  Albuquerque 

district 30 

Hcterooeras 35, 45, 70, 176 

cheyennense 45. 136, 1 76 

Hlcoria 171 

Hills,  U.  C,  on  coal  measures 15. 16. 2K, 29-30, 31, 119, 124 

Hogl>ack  area.  N.  Mex.-Colo.  (Iocs.  126-130),  fossils  from  ....  148-149, 151 

geology  in 148-152 

section  in ,  plate  showing 142 

See  also  Rito  Leandro:  San  Francisco  Pass. 

HoUick,  A.,  fossils identitted  by 225,239 

Horse  Mesa,  N.  Mex.,  section  on,  plate  showing 106 

Horscshue  and  Barillamesas,  N.Mex.-CoIo.(locs.  92-93).  geology  on.      115 

sectfon  on 115 

Hosea,  R.  M.,  on  coal  in  Rocky  Mountains 29,32 

Howell,  E.  E.,  on  correlation  of  coal  measures 22 

Huerbno  Park,  Colo.,  fossib  fh>m 42-43 

Hura  crepitans 328 

Hustcdia  mormoni 42 

I. 

Idonarca  depressa 30 

shumardi 48 

Incertuo  scdis 278-283,348-349 

Inga 240,327 

heterophylla 61,I21,23t>.327,57<; 

Inoceramus 26, 20. 32, 35, 45, 50, 73,120, 122, 176, 

187, 180, 194, 196, 198, 199, 202. 203, 207, 210, 213, 214, 216, 217 

acutiplicatus 176,202 

]>alchii 32 

banibini 29, 15, 48, 60, 51 ,  70, 

105,  m\,  130, 136, 176, 187, 188, 181>,  193, 194, 199, 202, 213 

cripsi 32 

dcformis 176,190,216-217 

dimidius 29,32,176,194,198,214,216 

crectus 48.176.194,190,198 

fniKllis 29,30,32, 148, 176, 189, 197, 198. 2112, 21 1,214, 216 

irroKularis 32,176,217 

Uibiatus 29,32,148,170,194,195,202,214,216 

oblungiu 45, 72, 73, 74, 176, 190 

sagcnsLs 29, 45, 5 ),  51, 70, 

72, 73, 74,80,81,88, 106, 122, 130, 167, 176, 190, 202,210, 217 

siinps..ni 32 

vumixcmi 32, 45, 48, 51,  <J<i,  74, 99, 122, 130, 136, 176 

Isocardia 35,170,195,196,197,202 

J. 

James,  Edwin,  on  Miy.  Long's  expedition 17 

Johnson,  1).  W.,  on  geology  of  C<jrrillos  HilLs 31-32, 217 

Johnson,  D.  W.,  and  Herrick,  C.  L.,  on  geology  of  Albuquerque 

district ^ 

Johnson  Mesa,  N.  Mex.  (Iocs.  87-81),  geology  at 114-115 

wall  of,  view  of 1 10 

Jones,  F.  A.,  on  New  Mexico  mines 32 


Page. 

Jughndaoeae 288,255,292-296 

Juglaadales 233,240,255,292-296 

Juglans 186,224,234,255,292-296 

acuminata 60,124,235,292,295,587 

berryi 60, 121, 124, 192,235,238, 293, 3fc».5»5 

ooloradensis 55,227,255,558 

leconteana 394 

minutidens 60,121,235,293,577 

nigella 00, 127, 133, 157, 235, 239, 292-293, 577-^585 

rhamnoides 60,146,235,294-995,588 

rugosa 60, 113, 121, 124, 127, 133, 139^ 

157, 229, 235, 237, 239, 255, 293-294, 205, 327, 331, 332,  ^ 

s^>indilbrmis 60,113,285,295,587 

sapindoides 60,121,235,295-296,587 

sehimperi 60,104,105,135.235,237,238,295.296,299,332,588 

aimllis 55,181,227,228,229,255,5*8 

tmitksoniatM 226,306 

▼entrioosa 255 

vetusta 295 

Jurassic' time,  events  in 62 

K. 

Kaseman,  Q.  A.,  section  by 206 

Kejres,  C.  R.,  on  Cretaceous  coah 32,33 

Knowlton,  F.  H.,  fossils  identified  by 10,28,190 

on  ooal-bearing  rocks 37 

on  fotiils  of  Vermcjo  and  liaton  formations 178-179, 

184-188,223-435 

work  of, 225 

Koeliler,  N.  Mex.  (Iocs.  31-40),  canyon  at,  view  in 74 

fossils  from 47,90-91 

geology  at 9<HM 

seotkms  at  and  near ..." 90-94 

plate  showing 56 

view  of 92 

▼lew  near 74,92 

Koehleraroa,  N.  Mex.  (Iocs.  29-40),  geology  in 89-93 

5ee  a2«o  (iurtis  C^reek;  Koehler. 

L. 

La  Bella  mine,  C^lo.  (loc.  102),  sectkmat 124 

section  at,  plate  showing 1 18 

Lacy  Canyon,  N.  Mex.,  rocks  in ^ 83 

Lakes,  Arthur,  on  coal  fields 81,32,33,36 

on  (Colorado  oil  fields 31 

Lamna 176,194,196,199,202 

Laramie  of  Denver  Basin,  correlation  of 9,171,218 

correlation  of,  chart  showing 180 

erosion  of 64 

fossils  of 231,237 

oorrelation  of 231-232,237 

Laramie  of  Raton  Mesa,  divisibility  of 9, 12 

fossils  of ^10 

unconformity  in ^10 

See  aifo  Xerinejo  fonnalion;  Raton  formation. 
"Laramie"  of  San  Juan  Buiiin,  character  and  relations  of. .  183-184, 188 

correlation  of 9, 13, 34-35, 171, 183, 188, 190-192, 219 

figure  showing 179 

fossils  of 181-183,186-191 

section  of 186-187,191 

view  of 1*^ 

•Laramie"  of  southwesicm  ('olorudo,  oorre.jtion  of 219-220 

Laramie  Plains,  Wyo.,  fos>i  s  of 228 

Lar^en,  K.  S.,  on  •' Laramie " 191-192 

Laiiniceae 268,316^20 

Liiunis 1  SI.  i'.)„>,  22 1, 23:1, 230,210,268, 3 16-318 

oaudata 60, 121, 236, 31 6, -P/ 

colorademls 55,60,227,236,268,487 

knowlioni 260 

numlanonsis i 229 

pedutus 60,135,236,238,317 

primigenia 171,229,269,316-317 

ratonensis 00,113,236,238,316-317,4^5 

soci;ilLs M,  133,  Vio,  1 13, 171, 236, 237, 31 7-31 8,  U^ 

utahensis 60, 137, 236,318, 4/« 

'         weediana 1"! 

La  Veta.  Colo.,  geolog"  at ir,M-lf»l 

sections  at ,  figure  slio\vi:r; .• 158 

See  also  Cuchara  Hiver. 
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LeConte,  J.  L.,onageofcoal-b«aiiiigrocks 13,14,223 

on  coal  of  New  Mexico 19 

Leda. 35,45,70,106,176,200,217 

e\'ansi 167 

scitola 46,106,176 

Lee,  W.  T.,  on  coal  measures 15-16,33-36 

on  correlation 34 

on  fossil  dinosaurs 36 

on  geolof^lc  history 37 

on  geology  of  rolonulo 31,37,225 

on  geology  of  New  Mexico 34-35, 36, 37, 225 

on  geology  of  Raton  Mesa  r^ion 9-221 

on  graphite  near  Katon 36 

on  Sangre  de  CrLsio  Range 31 

Legumen 45,50,176,193.197,199,202 

api^essum 30 

planulatum 202 

Leguminosae 240,326-327 

Leguminosites 326 

ararhioldes 60,132,236,237,238,239,326 

reticulatus 326 

Loquereux,  Leo.  on  fossils  from  Raton  Mesa  region 13-14, 

15,19,20,24,162,223-224 

on  Wilcox  flora 239 

Lewis  shale,  character  and  relations  of 1H2 

correlation  of. 183, 190, 192, 200-201. 21S 

figure  showing 179 

fossils  of 175-177,183,189-190,193 

view  of. !« 

Lignitic  group,  age  of 21,22-23,162,224 

fossils  of 21 

history  of 13-16,24 

time 45,72,176,216 

Lingula  subspatulata 32, 217 

Lloclema. 42 

Liopeplum 176,194 

Liopistha 176,195,196,197 

concentrica 30,35,176 

undata 45,72,176,190,193,196,202,217 

Liqaidambar 60,231,253,320-321 

ouoharas 139,236,237,320-321,4« 

Llrlodendron 231,233,235,241,269,275,279 

alatum 55,138,227,229,269,370 

Litefature,  list  of 17-34 

Lithology,  correlation  by 11 

LIthophagus '. 176,196,202 

Littell  mine,  Colo.,  geology  at 1(57 

section  at,  plate  showing U'A 

Loew,  Oscar,  on  anthracite  coal 22 

on  fossil  resin 21 

Long,  S.  n..  coal  discovered  by 1^,  17 

expedition  of. 17,162 

Tx)ph<9hyllum  prof undum 42 

Lower  Cretaceous  series,  deposition  of. e2-f& 

occturence  and  character  of 40, 43-44 

Lucina :i5,45,72, 

73, 106, 136, 166,  IftS,  17»i,  ISS,  197 

occWentalls 46,74,167.176,190 

Lunatia. 45,48,70,170,188,190,193,194,198,202 

M. 

IfcAnily  mine,  Colo.,  fosslLsfrom 138 

MacfJarlane.  James,  on  ooul  incasiiro.s 20, 24 

McLaughlin,  J.  E.,  on  coal  of  Raton  Mesa .32 

McLaughlin  mine,  Colo.,  section  at 122-12$ 

section  at,  plate  showing lis 

Mactm 45,  .V), 

51, 81, 166, 167, 168, 176, 190, 19:j.  196,  IIW.  IW.  202, 210, 2i:j,  217 

alta 17»j.  213 

arenaria 176.194,  H*s 

formosa 170,1*3,202 

gracilis 176,202 

subquadrata 30 

wairenana i.'i, ')0,73,S1  ,.<<2,kh,  165.  l(Wi,  UW.  17«> 

Madrid,  N.  Mex.,  sections  at 206-210 

SM  tlons  at.  figure  showing 208 

Madrid  roal  group'  occurrence  and  character  of 31 


Magnolia 

angastifoila 60,6 

143,155 

attenuata 

cordifolia 

dayana 

hilgardiana 

130.131.13.^139,: 

inglefieldi 

inquirenda 

lazicolata 

laurifolla 

leei 

Ie6le>-ana 60, 

magnlfolia 60,  lOl,  104, 10 

139, 143, 155, 157, 

mexicana 

Dordensklnldi 

ovalis 

regalis 

rotundifolia 

tenuinenU 

Magnollaoeae 

Maitland,  Colo.,  coal  at 

section  near 

Mf^cstio,  Colo.  (loc.  112).  fossils  fro 

geolog>'  at 

section  at 

plate  showing 

Malapoenna  weediana 

Malvales 

Mancos  shale,  age  of 

character  and  relaticms  of 

correlation  of 

figure  showing 

fossils  of .' 4 

relations  of,  plates  showing 

sections  of 

figures  showing 

views  of 

s<Hies  of 

BCarcou,  Jules,  on  coal  measures. . . 
Margarita 

nebmsoensls 

Marginarin  nebrascensLs 

Marginifeiti 

>i-abashensls 

Martosia 

Ma\'ne,  Colo.,  fossils  from 

Meado,  Frank,  on  coal  of  IMctou,  C 
Meek,  F.  R.,  on  correlation  of  cool 
Melania 

wyoniingensis 

MenLspemites 

Metoicoceras 

puen*ense 

swallowi 

Merriam,  L.  B.,  on  coal  of  Coloradi 
Mesaverde  formation,  character  anc 

coal  measures  of. 

view  of 

correlation  of 34, 16 

chart  showing 

fossils  fmm 

IS! -182, 187,  ISS,  1^ 

relations  of,  plates  showing — 

sections  of 187, 1'J 

figures  showing 

views  of 

MesoKoic  time,  events  in 

Modiola 

laticostata 

Monero,  N.  Mex..  fossils  from 

gool(^'  at 

Monocotyledonae 

Mon.son,  Colo.,  fossils  from 

Montana  group,  correlation  of 

occurrence  and  character  of 
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Konument  Creek  groap,  oofralatioo  of 184 

subdlYisicm  of 86 

Moraoeae 233,209-267,300-307 

ICorie^,  Ck)lo.,  sectioDs  near 120 

sections  near,  plate  showing 118 

Morley  dome,  Colo.,  (Iocs.  0^)9),  fossils  of 120-122 

geology  at 111^-121 

sections  on 120 

Morrison  formation,  agate  in 43 

character  and  distribution  of 40, 43, 213 

deposition 62-63 

section  of 213 

Mortoniceras 210 

dclawarense 178,210 

Mososaurus 46,130,176 

Murchisonia  oopei 42 

Musophyllum  complicatum 254 

MjTicaceae 250-257 

Myricales 256-257 

Myrica 1S1,!«9, 233, 234, 241, 256-257 

coriacea 55.227,220,256-257,555 

lessigiana 306 

torroyi 55.129,131,138,155,161,164, 

l(i5,  im,  178, 181, 199, 205, 227. 228, 229, 230, 231, 256, 257,  SS9 

Myrtales 233 

Mytilus 45.50,178,194 

N. 

Naiadalcs 286-287 

Natica 32,217 

Naticopsis  altonensis 42 

ol  t  oncnsis  gigantca 42 

Nautilus 176,210,217 

dckayi 45,73,74,106.176,202,213 

Nectamlra ' 240,318 

lancifolia GO,  135, 143, 157, 226, 236, 2388, 318, iff 

Ndumbium  lakeaianum 226 

Nclumbo 28,171,181,231,308-309 

arctica 308 

Intermedia 178,202,212 

Ukesiana 60,119,171.192,226,236,237.308-309 

lakesii 192,308 

lutea 308 

tenuifolia 308 

Nemodon 65,72.176,194 

Ncritinasp 188,189 

Newberry,  J.  S.,  on  coal  measures 14-15,18,19,21,23,28,225 

on  fossils  from  New  Mexico 29, 2£ 

North  Curtis  Creek,  N.  Mox.,  section  on,  plate  showing »') 

North  Katon  Creek,  Colo.,  fossils  from 121-122 

North  Willow  Canyon,  N.  Mox.,  section  in 98 

Nucula 45, 135, 107, 170, 193, 198, 217 

planimar);:inata 45, 10()^  170 

subplana 32, 217 

ventrieosa. 42 

Nuculuna  bellistriatus 42 

Nymphaeaccat» 307-309 

Nyssa 231, 343-344 

arctica 343-344 

buddiana 330 

lanoeolata 01, 1 24, 13:1, 230, 237,  .-ttO,  343, 4-^0,  i?.5 

raccmosa 01 ,  113, 18.->,  220, 230, 237, 343-344 

Nyssidiura 344 

o. 

Oakdalc,  Colo. ,  fossils  from 100 

scolion  at IC*) 

Vcrmejo-  Poison  Canyon  contact ,  figures  showing HU 

Occidental  mine.  Colo.,  si"<Jlion  at 100-101 

Odontobasis 40, 72, 170, 187,  Ks 

Odontofusus 17«i,199,2«)2 

Oleaceac 275,31.5 

Omera  field,  N.  Mex.,  formations  of 211  . 

formations  of,  correlation  of  flguro  showing 179, 2a^  , 

section  in 211  j 

figure  showing 208  i 


Pice. 

Orbieuloidea  oonvexa 42 

miasouriensis 42 

Oreodaphne 240,818 

alabamensis 3ig 

ratonensis 60,133,236,318,4/0 

Oreodoxites 235,241,287 

plicat  us 60, 1 55 ,  237, 284, 287 ,  291,  «W 

Orthoceras 42 

Osbom,!!.  F., and  Earle, Charles, on  Pucrcobeds 20 

Osmanthus 317 

americanus 317 

pedatus 238 

Osmunda 234,241,246-247 

hollicki 55,104,165,226.227,233,246-247,551 

Osmondaceae 233.246-247 

Ostrea 26,46,47,50,72,130.136,177,186,187, 

189, 190. 193, 194, 196, 197. 198, 199, 202, 207, 211, 212, 215, 216, 217 

anomloides  nanus 83 

oongesta 25,20,32,47.176,194.196,217 

elegantula 177,193,302.21 

Iranklini 30 

glabra 25,31 

Inomata 177 

lugubris 29, 30, 32, 148. 177, 194, 197. 198, 202, 214 

patina : 46,51,177 

pellucida 46,50,106,136,177,190 

pnidentia 30 

sannionensis 30, 177, 196 

solenisinis 177,194,196,212,215 

subtrigonalis 177, 188, 191 

translucida 30 

Owen.  It.  E.,  fossils  collected  by 13,18 

Owen,  R.  E.,  and  Cox,  E.  T..  on  mines  of  New  Mexico 18 

P. 

Pacbydiscus 177,216 

Pachy  thaerus  cimarronensis , 48 

Pagosa  Junction.  N.  Mex.,  fossils  from 191-192 

geology  at 191-192 

Palaeoaster 233,278-279 

inquirenda. ...  55, 61 .  90, 1.30. 1.18, 166, 228, 230, 236, 237, 278-279, 348 

Paleontol(^;y,  correlation  by 11 

See  also  Fossils. 

Paleozoic  time,  events  in 62 

Paliurus 231,240,334-335 

colombi 272 

Biiypholdes 61, 121,236,237,334-335,4*^, 

Palmaceae 230, 253-254,  287-292 

Palmocarpon 241, 292 

commuiu 292 

palraarum 60, 

07.  lai.  110. 124. 127, 128. 130, 132, 140, 158, 171, 235, 237,292 

Pandanales 253-254 

Panopoa 35, 40,  ."iO,  151. 177, 188, 274, 280 

Papilionacea*. 233. 269-270 

Pecofderis  stpulia 236, 246, 247 

Pectcn 35, 1 77, 189, 196, 197, 202, 213 

Persea 1 W 

lancifolin 226,318 

Phaseolites 231,235,241,269-270 

crassus 55,228,229,269-270,5^7 

elegans 229, 270 

leei 55, 164. 228, 270,397 

minutus 55. 1(15. 181, 191,228, 270,575 

Phillipsiii « 

Phohulomya 177,194,197,198,202 

siibv*»nlric*osa 30 

Pholas 186,180 

PhniKraites 231,240,287 

oen  in  gen.-  is 60,235,237,250,287 

Phyllites 171,283 

aurantiatMis 55, 136, 228, 280,  S7t 

ca.stalioides 65,228,282-283 

inipilrenda 278-279 

leei 55, 138, 228, 280, 57/ 

nanus' 55,147,151,228,280,571 

neomericanus M 
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Phylltes  populoidfls. H,  156, 228, 280-281,571 

protopbylloldfls 65,228,281,f7i 

ntonensis &5, 105, 228, 283, 575 

ratusoides 61,121,236,340,414 

rooaefoliiis 65, 147, 228, 281, 57i 

sapindiis 65,147,228,281-282,570 

vermejoensis 228,282,574 

walsenburgensis 65,138,228,282,575 

Ph>-9a 177 

Plctou,  Colo.,  cool  at 139 

section  near 139-140 

Picbired  Cliffs  sandstone,  correlation  of 183,185,219 

correlation  of,  chart  showing 179 

fossils  of 13,187 

section  of 187 

Piedmont  mine,  Colo.  (loc.  101),  section  at 123 

section  at,  plate  showing 118 

Pierre  shale,  character  and  distribution  of 40,44,66-161 

comlaUonof 167,168,169,218 

chart  showing 169 

fbssilsfrom :...  44-48,51,66,68,70,71,73,74,78,88,106,120, 

129,  130,  136,  144,145,  148,158,  161,165,167,175-177,  217,  218 

relations  of,  plate  showing 48 

sectionsof 67,68-120,127-131,144-158 

plates  showing 4K,  56 

Pliiitochihis 45,48,176 

Pinaceoo 233,240-2A3 

Pina  Vititos  mine,  N.  Mex.,  fossil  wood  near,  view  of 204  I 

section  at 206 

Pinna 30,35,46,106,177,188,193,196,196,197,202,216 

lakesi 177,190 

petrlna 30,177,195,196,197,202,213 

PlacMlticenis 32,46,80,88,177,198,194,202,210,217 

costata 30 

intercolare 46,70,72,73,177,188,190,193,202 

intermedium 32 

placenta 30,32,48 

planum •. 177,196,190,202,213,217 

rotundatum 32,217 

sancarlosense 177,193,194,196,199.202,210.213,217 

whitfleldi '. 46,72,73,74,78,177,190,202 

PiMer  Mountain.    <8er  Cerrillos  field. 

Platanaoeae 231, 233, 260-270, 32  i-325 

Platanus .*....  55, 185. 223, 224, 227, 233, 260,337.342,348 

aceroides 60, 101, 105, 121, 

125, 143, 192.  226, 23G,  237.  2:{9,  32 1, 322. 323, 324,  .iffo,  m,  4SS 

cimeata 60,236,321 

latifolia.. «(), 

121, 133, 135, 136, 143, 155, 192, 236, 32 1 -322, 323, 4/4, 415, 410 

guillelmoe 1«J,60, 

105, 113, 114, 135, 143, 149, 155, 185,  236,  Z)7, 239, 322-323, 416 

heeril 60, 155, 226, 236,323,4/5, 4/^^,4^10 

haydenil 171,322 

marginata : 278,323,324,346 

nobilis 341 

occldentalis 321 

platanoides 60,130,226,236,323-324,4/7 

raynoldsii 60,121,125,143,171,185,236,237,239,324,4/7 

regularis 60,236,325,455 

rhomboidca 60, 108, 121, 143, 171, 226, 236, 237, 324-325 

sp 260,J6'4 

PleuH)!  DUUifia 42 

pcrizomutu 42 

Plicatula 29,177,197,198,216 

Poaccae 287 

Point  of  Rocks,  Wyo.,  fossils  from 228 

Poison  Canyon  formation,  character  and  distribution  of 40, 

61, 137, 141, 159, 161 

correlation  of 01 

deposition  of 64 

fossils  of : 61,135 

section  of 137, 154 

Polypodlaceae 232-233,240, 244-246, 284-285 

Polystichura 21*1,232,234,241,244 

hillshinum 227, 244 

Ponil  Caiiyon,  N.  Mex.  (Iocs.  1 1-12),  fossils  from 47, 75 

gi>ology  at 74-76 

rocks  in 49 

section  in 74-76 

plate  showing 5<*>,74 


POpolus 60,135,171,234,233,234,236,340,251 

babamokics , 

genatriz 

grewtopsis , 

taeviffita , 

latfor  caudifolia 

monodon 

mutabilis 

repandoKsrenata 

nebrascensis 

neomexksna 55,106 

neotremulokles 60, 134, 135 

richardsoni , 

tremulokles 

«P 

Pbtter,  W.  B.,  on  coals  of  Colorado 

Powell  Arroyo,  Cok>.  (loc.  107-108),  fossils  fh>m 

geology  at 

section  in 

plate  showing 

Prairie  Crow  Canyon,  N.  Mex.,  section  in 

Pre^'ambrian  rocks,  occurrence  and  character  of 

Pre-Cambrian  time,  events  in 

Pn>-Cretaceous  rocks,  fossils  of 

oocurronoe  and  character  of 

sections  of 

See  aluo  Triassic;  Carboniferous;  Pre-<'amhrian. 
Prieta  Mesa,  N.  Mex.,  section  at 

view  of 

Prin&ero,  Colo.,  fv)ssi]s  fhim 

Prionocydus 

maoombi 

wjromingensLs 32, 148, 177,  ] 

Prionotropis 177, 194,1 

woolgari 

Product  us  cora 

costatus 

inflatus 

longLspinus 

Protocardia  rara 

Protophyllocludus 

Protophyllum 

praestans 

l*runus 

oolorodcnsis (1 

serotina 

Pryor  mines,  Colo.,  fossils  from 

section  in 

PsUomya 

concentrica 

Pteria  linguif.rmis 

Ptcridophyta 232-233,2 

Pteris 54,153,182,227,232,234,2 

erosa 51,60,164,171,226,227,228,230,235,237, 

linearis 60,U9 

pseudopinnaeformis 

russellii 6*,60 

undtilata 

sp 

Pterocerella 

Pterospurmiic^ 22S,23I 

deutat  iini 

nervosus 55, 13)^ 

undulatus 

wardii 

Ptychoc«x« 

Ptychodus 

Puerco  marls,  correlation  of 

Puntu  de  la  Mesa  .saiidsione.  duu^.u'tcr  and  re.utions  o 

fossils  from 

view  of 

Purgatoire  Canyon,  Colo.  (Iocs.  104-10.')),  fo-isils  from. 

fossils  from,  bibliography  of 

geology  at 

sections  in 

views  in 

Purgatoiroformation,  character  and  distribution  of.. 

depositi(»i  of 
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Purgatoire  RIvw  baifai,  Goto.,  fossils  from 157,158 

geology  at 157-158 

sections  in 157,158 

view  in 15e 

See  alto  Poigatoire  Canyon. 

Purgatoire  VaUey  area,  Colo.  (Iocs.  100-109),  geology  of 123-130 

sections  In,  plates  showing U8,142 

Set  also  Raton  Canyon;  Sopris;  Reilly  Canyon;  Purgatoire 
Canyon;  Trinidad;  Powell  Arroyo;  Bowen. 

Pyramidella 48 

Pyrifusus 46, 72, 73, 177, 190, 183, 194, 308 

Pyropsls 177,194,195,196,199,202 

baiPdl 80 

Q. 
Quaternary  period,  events  in 65 

Quercus 31,32,171,182,188,187,188,191,202,207, 

224, 233, 234, 236, 240, 259,  S97-299, 345 

angustiloba 298 

breweri 299 

ehlorophylla 226 

chlorophylloides 226 

conslmilis 290 

flsheriana 60,119,297-»O8,a«> 

gardneri 65, 136, 227, 259,  SW 

haidlingeri 330 

lyeUi 296-299 

moorii 226, 299 

neomexicana '. 60, 113, 236, 298. 59f 

neriifoUa 226,345 

platanla 1 10,226 

ratonensls 60,113,236,298-299,591 

ronkvalensis 55, 182, 191,227,259, 390 

simplex 60, 136, 143, 236, 298, 317, 3W 

undulata. ^ 2S0 

R. 
Radiant,  Cola,  fossils  from 163 

geology  at. 163 

Rail  Canyon,  N.  Meic,  section  in 86-87 

Ranales ^ 233,268-269,307-320 

Raton,  N.  Mex.  (Iocs.  68-75),  fossils  from 47,105,106,108 

geology  at 105-108 

sections  at  and  near 105-107 

plate  showing 56 

views  near..' 110 

Raton  area,  N.  Mex.  (Iocs.  68-83),  geology  of 105-110 

See  dUo  Raton;  Bartlett  Mesa;  Sugarlte  Canyon. 

Haton  Canyon,  Colo.  (loc.  100),  fossils  from 122-123 

geology  at 122-123 

section  in 122-123 

Raton  cool,  occurrence  of 99-100 

Raton  field,  N.  Mex.,  coal  of 49 

fossils  of 45-46 

sections  in,  plates  showing 56, 108, 142 

topography  of 38 

Raton  formation,  age  of 12, 240-241 

cliaracter  and  distribution  of 40, 53, 66-141, 142-161 

cliffs  of,  views  of 68,94, 110 

coal  In 49,  r>9, 70, 86, 88-00, 95, 104-118, 134-135, 137, 147-148 

plate  showing 74, 146 

conglomerate  at  base  of 58, 66-80, 105-109, 118-158 

coal  in,  plute  showing 146 

gold  in 66 

views  of 74,94,95, 124 

correlation  of 12,169-171,220,241 

chart  showing " 169 

deposition  of 64 

fossils  from 12,60-61, 67, 86,  passim 

104-114, 121-146, 155, 157, 176-177, 224, 230-231, 235-241, 284-347 

correlation  of,  with  Vermejo  flora 230-231, 237-239 

ecologic  conditions  of 239-240 

list  of Z\b-2:H) 

plates  showing 376-4;i5 

sections  of 57, 67. 68-158 

.     plates  showing 6<J,  108,  lis,  132, 142 

unconformity  at  base  of 55-56,96-97,99, 100 

figures  showing 74, 96, 97, 99, 100,  H-.9 

fossils  transgressing 231^  237, 240-241 

view  of 68 


Raton  Mesa,  Colo.  (Iocs.  94-4^),  geology  of 115-116 

<9ee  a2M  San  Francisco  Canyon;  Gray  Creek;  Eogla. 

Raton  Mesa  region,  Cola-N.  Mex.,  access  to 3g 

breaks  of,  view  of ag 

coalfields  of 38 

geographic  relations  of 38-30 

8*e  alio  Raton  field;  Trinidad  field. 

drainage  of 99 

formations  of 162-217 

figure  showing 199 

fossils  of. Pa8sim> 

location  of 0,39 

™apof In  pocket. 

construction  of 10 

rocks  of ao^l 

age  of 0-10 

exposures  of. 39 

relations  of,  plates  showing 48, 74,06>  125, 136 

sequence  and  character  of 40 

See  aho  Vermejo  formation;  Raton  formation. 

sect  ioDs  of,  plate  shotting In  pocket. 

topographyof 38-30 

Raton  time,  conditions  in 230-240 

Raton  tunnel,  N.  Mex.,  fossils  from 106 

Raymond,  R.  W.,on  coal  measures 10,21 

Reagan,  A.  B.,  on  geology  in  New  Mexico 32 

Red  beds,  occurrence  and  character  of ^ 30 

Red  River  Canyon.    See  Canadian  Canyon. 

Red  River  Peak,  N.  Mex.  (Iocs.  46-47),  fossils  from 47,99 

geology  at 08-99 

sections  on 98,90 

plateshowing 56 

unconformity  at.  figure  showing 90 

Reilly  Canyon,  Colo.  (loc.  125),  fossils  from 125 

geology  at  and  near 125-160 

sections  in 125 

Reticularia  porplexa 43 

Rhamnaeeae 271, 332-336 

Rhamnalcs 233. 2n- 272, 332-336 

Rhamnus 233,236.240.265,271-272.334 

alzoon 333 

dobumi 61.101, 

106, 121, 136, 139. 146, 167. 158, 102,236.237,265,332,334,4^ 

deletus *. 226 

flscheri 61,236,328,333 

goldianus 61, 121, 136, 171,236.266,332,333-334, 4iS,  4S4 

obovatus- 61,223,236,333 

rectinerv  is 226 

rossTJidsslni 294,295 

salicifolius 55,127,228,231,266,271,275 

woottonensis 61, 236, 332-333, 4^ 

Rhus 231,240,328-329 

viburnoidcs 611,21,236,32»-329,-^ 

Richardson,  (I.  B.,  fossils  collected  by 50,119,127,129-130.158 

map  by 10 

on  coal  measures 158, 225 

on  geology  of  Trinidad  field 16,35 

on  Monument  Creek  group 36 

on  Trinidad  sandstone 60 

Rio  Puerco  field ,  coal  of,  bibliography  of 17, 18. 22 

coal-bearing  rocks  of 196-196 

corrclat  ion  of 13, 20 

formations  of,  corrclat  ion  of 184, 195 

figure  showing 179 

f ossi  Is  of 35, 1 76- 1 77, 196- 1 98 

bibliography  of 17,34,35 ^ 

section  in 105-106 

view  in 105 

Rito  Leandro,  N.  Mex.  (loc.  1»>-128),  geology  of. 140-161 

sections  near 140-161 

plate  showing 142 

Rockland  mine.  Colo.,  fossils  from * 130 

Rock  Springs,  Wyo..  fossil.s  from 228 

Rockvalc,  Colo. ,  fossils  from 104-165 

geology  at 1G4-165 

section  at  and  near 164 

plate  showing 164 

view  of 166 
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Bookvale  sandstone,  oorrelatlan  (^ 168 

Gcrrelation  of,  chart  showing IflO 

occoirence  and  character  of 163-1 66 

view  of 167 

Rocky  Mountains,  areas  west  of ,  formations  of 172 

tonnations  of,  correlation  of 171-172, 185-217 

fossils  of 175-177,229 

fossils  east  and  wesbof,  correlation  of 229 

Bodcy  Mountain  region,  submergence  of 37, 220 

unocHiformity  east  and  west  of 218 

figure  showing 219 

Rogers  field,  N.  Mex.,  fcHinations  of,  correlation  of,  figure  show- 
ing   1TO,208 

section  in 208 

Rollins  sandstone,  correlation  of 219-220 

RosBceae 233,369,325-.326 

Ronles 233,369,320-327 

Rosellinites 210,240,242 

lapideus 54.226,227,242 

RosteUarIa  texana 32 

RoBtoIlitcs 35,190 

•mbigua 30.32,214 

dalll 30,214 

welisi 32 

Rotella  Temicelifera 42 

Rouse ,  Cola ,  fossils  from 47, 136 

Rubiales 233,275-278.340-348 

Rutaoeae '. 328 

S. 

Bftbal 1^2.207,233,253-254.388-291 

campbeUi 224,22li,289 

eommunU 220 

pnndifolia 220.2S9 

inquirenda 60, 109, 235, 288, 290,  ir« 

toel 60, 101, 130, 139, 235. 289. 290. 3S^ 

moDtaDa 51,55,120. 

123, 131, 158, 161, 165, 182, 190, 226, 227, 228, 229, 231 ,  253-254, 36^ 

rugosa no,  113, 235, 288-289, 290,  «80 

ungeri 55,60,67,75,80,104,105,109,113, 

124, 125, 127, 128, 129, 130, 140, 143, 157, 178, 182, 187, 188. 192,212, 
234, 226, 227. 228, 229. 230, 235, 237, 254, 289-291, 305,379, 38 1 

fiabalites 288 

frudifir 226..'M3 

grayanus 60, 104, 105, 171, 226, 235, 237, 238, 253, 288, 2"J0 

St.  John,  O.  H.,  fossils  collect iHl  by 25,47-48 

on  geology  of  Ratun  field 15, 23 

on  Vermejo  Park  ooah 145 

sections  by 7».«o 

flalicaceae 257-259,296.207 

Salknles 233,257-259,296-297 

fialix 65,75,147,182,186,191,196,223,227,233,234,241,257-258 

anguste 257,258 

gardneri .55,136,227,257,3.59 

media 2.W 

plicala 55,136,104,227,257-258,559 

stantoni 178,182, 19<>  ; 

sp 26H,X0  ', 

Saltpeter  Creek,  N.  Mex.,  geology  on 87 

Saltpt'tor  Mountain,  N.  Mex.  (loc.  27),  fossils  from 47,  S8 

geoloRyat 87  88 

section  on 1 87-S.s 

plate  show  ing 50 

Sal>'ers  Creek,  N.  Mex.  (loc.  122):  fossils  from lA^i 

geology  at 142-113 

section  on 85, 142-1 « 

plate  showing 142 

San  Frandsco,  N.  Mex. ,  section  at ,  plate  showing 1 18, 112 

view  near I9.'i 

San  FrancLsco  Canyon,  Colo.  (Iocs.  94-95).  ge.il  Jgy  at IIO-IH 

si'oi  ions  in 1  nv-l  17 

San  Francisco  Pass,  N.  Mex.-Colo.  (K.is.  12ft-i:«)),  fossils  from....  47, 151 

geology  al 151-1  ■>2 

sen iL ns  in lol-l.')2 

Sangro  de  Cristo  Uunge.    iSee  Culelira  Kaugi'. 

San  Miguel,  Colo.,  seel  ion  near 1 17 

section  near,  plate  showing 1  IS 

Santa  Clam  Cnx'k,  Colo.,  fossils  fn  nj y.M 

structural  relations  on,  plate  showing i;io 


Santa  Fe,  ooal  at,  bibliography  of 

San  Ygnado,  N.  Mex.,  section  near 

▼lew  near 

Sapindaoeae 

Sapindalos 

Sapfaidus 

afBnis 61,121 

caudatus 61,113,171, 

eolignitica 

grandifoliiLs : 

rocklandensLs 61, 

Soaphites 29,30,1' 

hippocrepis 

larvaoforrais 

nodosus 30,4**1,48,51,72,73,106,  i: 

vennifonnis 

warreni 29,32, 177,  U 

Schizaeaocae 235 

Schixodus  wheeleri 

Sdiomborg  Creek,  N.  Mex.,  geology  near 

Schroder.  F.  C,  on  coals  of  San  Juan  Basin. 

Scitaminales 

Scurria  oonitormis 

Sedalia,  Colo.,  fossils  firom 

Seedling  plant 

Scoley  Quiyon,  N.  Mex.,  geology  at 

section  in 

plate  showing 

Scminula  argentca 

Sequoia 

hrevi/oiia 

hetcrophylla 

langsdorfli 

obuvata 

120,123,129,131,138,15: 
227,  228,  229,  233,  246, 

reichenbachi 

75, 70, 123, 128, 138. 160, 163, 165, 
207, 212, 266, 227, 228, 229, 231, 231 

sompervirens 

washingtoniana 

Serpula 

Shaler,  M.  K .,  on  geology  of  San  Juan  Basin. 

Sheridan,  J.  K.,  on  coal  mines  of  New  Mexkw 

Shimor.  II.  W.,  and  Blodgett,  M.  £.,  on  geology  o 
Shumway,  C/olo.,  fossils  fh>m 

geology  at 

structural  relations  near,  plate  showing 

Sig;uct  us  text  ilis , 

Simpson,  J.  II.,  on  coal  on  Rio  Puerco,  N.  Mex. . . 

Sloan  mine,  N.  Mox.,  roclcs  in 

Solemya 

Solen  cuneatus 

SulenL«(CUs 

brevis 

Sophom 

henryensis 

nervosa : 

Sopris,  Colo.  (loc.s.  101-102),  fossils  from 

geology  at 

sections  at  and  near 

views  near 

Sparganlum .V>.  161, 227, 23: 

sp 

Spencer,  A.  C.  on  Tpi^er  Cretaceous  section 

Si)ermatophyta 231 

Sphaereaceae 

Sphaeriola 

Sphacria  lapidea 

SphamUs  tapidru^ 

Sphaerlimi 

Sphaerodoma 

texana 

Sphenodisrus 

lentii'ularLs 

Sphenopteris  elongaium 

Spirifer  boonmsis 

cameratus 

ro('kymontan:i 
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Spiriferina  kentuckyensls 42 

Spironema 48 

Squamularia  perplexa 42 

StantoQ;  T.  W.,  fossils  determined  by 44-46, 

50, 168, 174-177, 184, 188, 193, 196, 217, 218 

en  Bowie  shale  fossils 220 

on  CeAtops  beds 35 

on  Morrison  formation 33,44 

an  Pierre  fossils... 218 

on  Tertiary-Cretaoeous  boundary 37 

Stantonoceras  guadaloupae 32 

pseudocostatum 177,194,217 

Starksville,  Colo.,  fossils  from 123 

Stenopteris 233, 241, 246 

cretacea 65, 227, 246 

Stephenson,  L.  W.,  on  Cretaceous-Tertiary  boundary 16, 37 

Sterculia 233,235,240,241,272-273 

berryana 61,113,236,337,^*4 

eoriacea 55,228,229,272,570 

labrusca 337 

majolana 337 

mucronata 337 

reticulata 229 

rigida 229 

snowii 337 

Sterculiaceae 233, 272-274, 337-338 

Sterrett,  D.  B.,  on  gem  agates 35, 43 

Stevenson,  J.  J.,  on  coal  measures.  14, 15, 16, 21-22, 23, 25-26, 27, 28, 29, 162 

on  conglomerate  in  coal  measures 25 

Stone^^'all,  Colo.,  sections  near 157 

view  of 156 

Stonewall  area,  Colo.  (Iocs.  134-136),  geology  in 156-158 

name  of 156 

Stonewall  Gap.,  Colo.  (loo.  135),  fossils  from 157 

geology  at 157 

section  in 157 

plate  showing 142 

Storrs,  L.  S.,  on  Rocky  Mountain  cool  fields 31 

Stose,  O.  W.,  on  subdivision  of  Dakota  sandstone 36 

Stout  Canyon,  N.  Mex.,  rocks  in 85 

sect'or  in,  plate  showing 142 

Straparollus  catilloides 42 

Stratigraphy,  features  of 39-61 

table  showing 40 

Structure,  correlation  by 11, 12 

plates  showing 4S,  74, 95, 125, 136 

SulTield  mine,  (?olo.,  section  at 131 

section  at,  plato  showing 118 

Sugarite  Canyon,  N.  Mex.  (Iocs.  83-84),  fossils  from 110 

geology  at 109-112 

month  of.  section  near HI 

sections  in  and  near 109-110,111  I 

plate  showing 56  I 

Sugarite  coal,  occurrence  and  character  of 104-118 

Sugarlool  Mountain,  N.  Mex.  (loc.  50),  fossils  of 101-102 

geolotr\'  at 101-102 

section  on 101 

plate  showing 56 

Sundance  formation,  agate  in 43 

S>'ncyclonema 46, 70, 177, 202 

rigida 2«>,  4«i,  108, 167, 177, 190 

Syringopora 42 


Tancredia  amorittma 46,50,91, 168, 177 

Tapes  cyrlraeriformis 30 

Taxo.Jium 5:,,  227, 241, 252 

sp 252,  .V4 

Tclllna 25, 4«i,  'A),  81, 177, 190. 19.3, 194, 195, 19«'.,  202 

cquilatcralis 30 

modcsta 177, 198 

perlata 30 

scitula 46. 50, 75, 140, 151,  Uw,,  IVS,  177, 187, 189, 274, 280 

Tcmnocheilus  winslowi 42 

Tercio,  Colo.  (loc.  132V  fossils  from 155 

geology  at 153-155 

sections  at  and  near 15^155 

plates  showing 132, 142 


Pa«B. 

Tercio  Park,  Colo,  (loo- 190-133),  geology  in 153-156 

view  in 147 

See  alM  Cuatro;  Tercio;  Cornell. 

Teredo ^g 

TerminaUa  hUffardiana 118,288,310 

Utleyana 131,338,318 

mdobofffufn 226,309 

Tertiary  period,  events  in 04 

geologic  violence  In 11-13,64 

Totiary  system,  character  of 184-185 

conglomerate  at  base  of 16,31,24,35.58 

formations  of,  relations  of 184-185 

fossils  of 00-61 

fossil  wood  in,  view  of 304 

occurrence  and  character  of 40,56-00 

unconformity  at  base  of 11, 55-56, 22{^221 

figures  showing 74,96,97,100 

fossils  transgressing 232, 235, 240-341 

Tetranthera  sessiliflora 317 

Thallophyta 233,242 

Thetis  clrcularls 177, 190 

Thracia  subgracllls 165, 168 

Thula 328 

Thuya 228 

TIjeras,  N.  Mex.,  coal  near,  bibliography  of 18, 10 

Tljeras  field,  N.  Mex.,  coal  l)edsof 198,301 

coal  beds  of.  sections  of 3Q0 

formation  of^ 13, 18, 198 

correlation  of 39, 190-2D1 

chart  showing 170 

map  of 200 

section  in 199 

figure  showing 200 

Tilia 336-^337 

amerlcana 337 

speclosissima 61, 139, 23n,  336-337, 5W 

Tlliaccae 336-337 

Torrejon  formation ,  correlat  ion  of,  chart  showing 170 

Trachydomia  whccleri 43 

Trapa  mlcrophylla 178, 183, 303, 235 

Trapezium 48 

Tres  Tlermanos  sandstone  memT>er,  character  and  relations  of 173 

174.213-314 

fossils  from 213,214 

occurrence  of 303,214 

sect  ion  of 313 

Trlasslc  system,  occurrcnct^  and  character  of 40 

Triassic  time,  events  in 63 

Tricerat  ops 34 

Trigonarca 177, 19n,  197 

exigua 177, 190 

obli<]iia 33 

Trinidad,  Colo.  (loc.  KX),  fov;.iN  f:o:-.i 127,224 

geology  at 127 

sectional 127 

plate  showing 118 

view  near 135 

Trinidad  field,  coal  of.  l>i»)liography  of 17,24,27 

coQM)earing  rwks  of 35 

correlation  of 30 

fossils  from 45-40, 47 

bibliography  of 17 

rocks  of,  corn'lat  ion  of 30 

s<'ct ions  in .  plates  showin;,' 118, 133, 183 

topography  of 38-80 

views  near 136 

Trinidad  sandstone,  aiie  of 50-4(1,334 

character  and  <Jistribution  of 40,48^50,67-161 

continuit y  of j 49 

correlat  ion  of 48-51, 167, 168-169, 318 

chart  showing 169 

deposition  of 63 

fossils  from 44- 

47, 50, 54->V),  passim  ()7-84, 8S,  91-95, 105, 106, 107, 
110.  120.  122,  13<i,  144-146,  159,  163,  167,  175-177 

relations  of,  plate  showing 48 

sections  of,  plates  showing 48, 66, 108, 132, 112 

view  of 135 
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Trttonhim  kuutbense 33,35,177,917 

Trujillo,  Cola,  fasBlls  from 133 

Tolotonui ISA 

thompsonl 188,188, 1» 

TurtwniUft 48 

Torkoy  Canyon,  N.M6z.(loc  9),  fossils  from 71-73 

Seologyat 71-73 

section  in 71 

plate  showing 56 

Turkey  Creek,  N.  Mex.  (loo.  28),  fossils  from 88 

geology  at 88-89 

section  on 88 

plate  showing 56 

Turner  mine,  Colo. ,  fossils  from 121 

Turrilites 36 

Turrls 177,202 

Tnrritclla 29,35,48,177,188,195,190,197.198,202,213 

galistcoensis 32,177,213,217 

whltci 177,197,202 

Typha 182 

Typhaoeao 253 

U. 

Xnroaceao 300 

Ulmos .' 00,128,236.241,300 

irregularis 2»>4 

tenuincr\'is 300 

sp 300,.Wf 

Umhollales 341-344 

Una  del  Oato  field,  N.  Mex.,  coal  of 34 

Unoonformlty,  Cretaoeous-Tortiar)*,  bibliography  of 34.35,3i> 

character  of 5&-50.220-221 

conglomerate  at '  16 

correlation  of * 12.220-221 

figure  showing 219 

flguresshowing 48,96,97 

fossil  change  marked  by 12 

fossils  transgressing 232,237,240-241 

plates  showing 50,74 

position  of passim  09.161 

chart  showing li'>9 

tracingof 9  10 

Unio 104,1^3.188,189 

al(frichi 189 

brachyopisthus 1S6,1»9 

holmcslanus 186,188,189 

venuoosiformis 189 

Upper  Cretaceous  series,  disposition  of 63-G4 

occurrence  and  character  of 40 

Urticales 233,259-308,300-307 

Ute  I'ark,  N.  Mex.  (iocs.  2-5),  X 

fossils,  at  and  near 47. 67 

geology  at 07-69 

section,  at  and  near 67-68 

plate  showing 56,106 

V. 

Van  Brenmier  Creek  and  Qanyon,  N.  Mex.  (loos.  17-18),  fossils 

from 47,80-^ 

geology  at 80-82 

sections  on 80-82 

plate  showing * 56 

Van  Diest,  P.  H.,  on  cool  measures 28 

Van  Iloaten,  N.  Mex.  (Iocs.  41-45),  geology,  at  and  near 94-98 

rocks  near,  views  of 94, 95 

sections  at  and  near 95, 97, 98 

platcsshowing 108,142 

See  Willow  mine. 

VanlTouten  urea,  N.  Mex.  (Iocs.  41-47),  geology  In 94-99 

See  also  Van  liouten;  Rod  River  Peak. 

Vcniclla ;.  177,190,197 

Vermojo  Canyon,  N.  Mex.  (Iocs.  122-125),  fossils  from....  80, 143, 145-147 

geology  of 141-148 

sections  in 85-80, 142-144i 

plat  0  showing 142 

See  also  Salyer's  C*reek;  Vermcjo  Park. 


Vermejo  formation,  age  of 

d  i^bution 

character  and  distribution  of 

Qoal  of. . . .  49-fiO,  53-58,  passim  73-77,80 

faults  in,  figures  showing 

correlation  of 

chart  showing , 

derivation  of  sediments  forming 

erosicmof , 

fossils  from 

71-7: 
128-: 
164-: 

biological  relations  <rf a 

correlation  of 

ecologic  conditions  of 

list  of 

plates  showing 

relations  of ,  plates  showing 

sections  of 

plates  showing 

unconformity  at  top  of 

figures  showing 

fossils  transgressing 

view  of 

See  also  Rockvale  sandstone  member. 
Vermejo  Cap,  N.  Mex.,  hogback  in,  view  of 
sections  near 

plate  sho.ving 

Vermejo  Park,  N.  Mex.,  (Iocs.  123-125),  fossi 
geology  at 

sections  in 

plate  showing 

Vermejo  time,  conditions  in 

Viburnum 65,171 

acerifolhim 

anerps 

anomaliiiervum 55, 118, 22 

antlguum 

ccntortum ^ 

crassum 

cimeatum 

hesperlu  m 

lakesii 

magnum 

ma  rgiait  um 171 

montanum 55,164,1 

newY)err}  anum 

perfei'tum 

platanoidts 

problematicum 55, 164, 182, 196, 2S 

rhamnifolium 

rotundifolium 

simile 

speciosum 

wkjfmperi 

wootcoiannm 

sp 

Vitace« 

Vltis 

aestivalis 

bruneri 

carboDen.sis 

cinerea 

fragments 

inominata 

hibrusca 

leei 

olriki 

platanifolia 

Viviporus 

Volcanic  plugs,  views  of 

Voliiloderma 46 

diUli 

Volutomorpha 

novamexicana 
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Waldo  Meea,  N.  Mex,  sections  at 215-216 

sectloQsat,  figure  showing 208 

Walsenbiirg.  Colo.,  fossils  near 136,138,139 

sections  near '. 137,139-140 

Walsenbiirg  area,  Colo.,  geology  of 137-141 

5rr  a/«o  Cuchara  River;  Ticton;  Maitland;  Shumway. 

Ward,  L.  F.,  on  correlation  of  Laramie 27 

on  fossils  of  New  Mexico 27 

Wasatch  formation,  correlation  of 184 

correlation  of,  chart  showing 179 

fiwsllsof 185 

section  of 185 

WashlHime.  C.  W.,  on  Canon  City  coals 9, 35-36, 162, 163, 164, 225 

Weston,  Colo.,  fossils  from  near y. 157 

White.  C.  A.,  on  fossils  from  near  Cimarron 25, 27 

on  geology  of  New  Mexico 27 

WIddringtonia 234,235,241,2.12 

.  complanata 55, 13(J,  227, 228,252, 280,  J5.{ 

Wilcox  gHMip,  correlation  of 170, 171, 238, 241 

definition  of 238-239 

fossUsof 60-61,238-239 

correlation  of 238 

Williums.  S.  G.,  on  geolog>'  near  Canon  City 23 

Williamsburg,  Colo.,  fossils  from 165-166 

geology  at 165-166 

section  at 165 

plate  showing 164 

Willlamsonia 279 

Willow  mine,  X.  Mcx.,  coal  of,  view  of 95 

sections  in,  flpiros  showing 96, 97 

structural  relations  at,  plate  showing 95 
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Wislizcnns.  A.,  on  Cerrillos  field 17-18 

Woodwardia 231,232-233,234,235,241,246 

crenata 55,160,178,227,238,229,246,266 

latifolia 171 

Wool  ton,  Colo.,  fossils  from  near 121-122 

Wyoming,  fossils  from 228 

X. 

Xnnthoxylum 241,328 

dentatum 328 

dubium 61,236,328 

Y. 

Yankee  area,  N.  Mex.  (Iocs,  ai-93;.  coal  of 111-112 

geology  of 1 10-115 

view  near 1 10 

See  o?»o  Sugarite  Canyon,  mouth  of;  Yankee  minev;  Johnson 
Mesa;  Horseshoe  and  Barilla  mesaii. 

Yankee  mines.  N.  Mex.  (Iocs.  85-86),  coal  of 112,113 

iossilsof 113 

geology  at 112-114 

sectional 112-113 

Yoldia  seltula # 45,106,176 

Z. 

Zaphrentis 42 

ZIzyphiLs 182, 190,233,235,240,272,304,334-336 

distortuis 226, 272,336 

fibrillosus Gl.  104. 113, 13.3, 135. 143, 226, 236, 237, 272, 335-336,^8^ 

meiggsii 61, 1 13, 143, 226, 236, 238, 336,  W,  4^9 

pQliurifolius 61, 55, 228, 272, 56» 
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